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CHAPTER I
INTRODUCTION

1. Statement and significance of the problem
Aflatoxins, toxic secondary-metabolites, are produced by Aspergillus
flavus and A. paraciticus. Aflatoxins were classified into 4 major types
include aflatoxin B1, B2, G1 and G2, which are named by their innate
fluorescent properties (Zheng, Humphrey, King, & Richard, 2005). Aflatoxin
B1 is highly toxic and normally predominant amount of contamination. It
produces by both A. flavus and A. parasiticus. Aflatoxin G1 and G2 are
produced exclusively by A. parasiticus. The other important forms, aflatoxin
M1 and M2, are metabolites that produced by conversion aflatoxins with
liver enzymes and secreted in milk (Wogan, 1966). They can be found in a
wide range of human foods and animal feedstuffs. Aflatoxin contamination
causes economic losses of corn, cottonseed, peanuts, sorghum, wheat, rice
and other commodities (Cotty & Jaime-Garcia, 2007). These contaminated
commodities are considered unsafe for human consumption. Aflatoxins,
potent hepatotoxins, immunosuppressants and carcinogens, affect animal and
human health by causing aflatoxicosis, symptoms occurred after ingesting
aflatoxins. The symptoms include liver hemorrhagic necrosis, edema, and
1

2

lethargy (Williams et al., 2004). In the human populations, aflatoxicosis is an
important public health problem (Coppock et al., 2007). Aflatoxin
contamination level is regulated in many countries world wide and legal
limits of aflatoxins ranging from 0 to 50 ppb have been established (Stroka &
Anklam, 2002). For examples, the maximum level set by the United State a
Food and Drug Administration (USFDA) is 20 ppb for total aflatoxins
contamination in foods. The current maximum levels allowed by the
European Commission are 2 ppb for aflatoxin B1 and 4 ppb total aflatoxins
for nut, dried fruits, cereals and groundnuts (Kolosova, Shim, Yang, Eremin,
& Chung, 2006). Several methods for aflatoxins determination have been
developed, including thin-layer chromatography (TLC), high-performance
liquid chromatography (HPLC) and enzyme-linked immunosorbent assay
(ELISA). Requirements for determination methods have been established by
the Association of Official Analytical Chemists International. Generally,
chromatographic methods are laborious, time consuming, costly and require
complicated skill. Immunoassays provide more simple and economical
alternative to chromatography method. Recent advanced ELISA method has
led to the development of rapid test kits for use in the field as a high
throughput assay with low sample volume requirement and less sample
clean-up process. ELISA has become a common rapid method for detection
of aflatoxins in food and animal feeds. The highly specific antibodies for

3

aflatoxins are essential component for ELISA procedure (Zheng et al., 2005).
Antibody is an immune system-related protein called immunoglobulin.
Theoretically, each antibody recognizes a specific unique antigen. Antibody
production is mostly produced by monoclonal cells because of its high
affinity, low cross-reaction and high purity. Conventionally, monoclonal
antibodies are produced by hybridoma cell lines. The disadvantages of
hybridoma technology are expensive, complicated and laborious in
production. Subsequently, phage display has been developed to solve these
problems. This method is a novel technology that can be applied for high
throughput selection on monoclonal antibodies in vitro. Phage display has
been successfully used to select human antibodies from naïve human
antibody library (Vaughan et al., 1996). Various forms of antibody including
Fab, Fv, scFv and VH were used for library generation. The advantages of
these small antibody fragments are easier to manipulate genetically and
expressed by appropriate expression systems (Yau, Lee, & Hall, 2003). Fab
antibody is a preferable form due to its relatively small size and high stability
as compared to other forms. The minor coat protein pIII of phage is
commonly used for antibody display because it is compatible to insert large
display protein fragment. pComb3X is one of the designed phagemid vector
for displaying antibody on pIII protein without affecting phage structure
(Barbas III, Burton, Scott, & Silverman, 2001). Many recombinant

4

antibodies have been successfully displayed and selected in pComb3X
system (Andris-Widhopf, Rader, Steinberger, Fuller, & Barbas III, 2000;
Yau et al., 2003). In this study, the high affinity antibodies specific to
aflatoxin B1 can be selected from generated Fab antibody immune library
using panning process. The selected antibody can be potentially used to
develop an aflatoxins test kit (ELISA) for detection of agriculture foods and
feeding stuffs.
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2. Objectives of the study
The aim of this study is to create chimeric mouse/human Fab antibody
library and select antibody specific to aflatoxin B1 by phage display technology
and characterize the selected antibodies such as DNA sequencing, affinity,
detection limit and cross-reactivity.

3. Scope of the study
In this study, chimeric mouse/human Fab antibody was constructed
from immunized mice and pComb3X plasmid with optimized primers mix
using overlap extension PCR. High specific antibodies to aflatoxin B1 was
selected from chimeric mouse/human Fab antibody library using “panning”
process. Selected antibodies were characterized by testing for clone diversity,
sequence analysis and antibody detection limit. 6x histidine tagged
antibodies were purified by Ni2+sepharose column and protein G column.
The affinity of purified antibody and cross-reactivity to unconjugated
aflatoxin B1, B2, G1 and G2 was determined.
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4. Literature Reviews
4.1 Aflatoxins
4.1.1 Aflatoxin discovery
In the 1960, more than 100,000 turkeys in England died in the
course of a few months from an apparently new disease that was called
"Turkey X disease". The outbreak is widespread in many species of poultry
including ducklings and pheasants (Van Der Zijden et al., 1962). After
survey of the early outbreaks, the deaths associated with feeds, namely
Brazilian peanut meal. The feeds were highly toxic to poultry and ducklings.
It was suggested that the toxin might be of fungal origin. In fact, the toxin
producing fungus was identified as Aspergillus flavus and the toxin was
given the name “aflatoxin” by virtue of its origin (Bradburn, Coker, &
Blunden, 1994).

4.1.2 Physical and chemical properties
Aflatoxins are produced as secondary metabolites by the fungus
A. flavus and A. paraciticus that contaminated in various foods and feeding
products. Aflatoxins dissolve in various polar organic solvents including
methanol, aqueous acetone and aqueous hexane-acetone-water azeotrope that
developed for extraction procedures of natural products. It precipitates in
petroleum ether or hexane (Chipley & Uraih, 1980).
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Among 18 different types of aflatoxins identified, the major members
are aflatoxin B1, B2, G1 and G2. Aflatoxins are fluorescent under the
ultraviolet light. Aflatoxin B1 and B2 emit blue fluorescence whereas
aflatoxin G1 and G2 emit green fluorescence. The quantity and relative
proportions of four compounds in culture extracts varies depending on mold
strain, medium composition and culture conditions. Normally, aflatoxin B1 is
present in largest amounts whereas aflatoxin B2 and G2 are produced in
small yield (Wogan, 1966).
The derivatives of aflatoxins can be produced after ingestion of
contaminated food. The hydroxylated aflatoxin derivatives, aflatoxin M1 and
M2 is presented in the milk of cow that feeding with toxic meal. The
metabolites are toxic as their parent compounds (De Iongh, Vles, & Van Pelt,
1964).
The molecular formula of aflatoxin B1 and G1 were established as
C17H12O6 and C17H12O7, respectively. Aflatoxin B2 and G2 were found to be
the dihydro derivatives of the parent compounds, molecular formula of these
are C17H14O6 and C17H14O7, respectively. Some physical properties of the
compounds are summarized in Table 1. All four aflatoxins have high melting
points. The chemical structure of aflatoxin B1, G1, B2 and G2 were
proposed in 1963 (Asao et al., 1965; Chang, Abdel Kader, Wick, & Wogan,
1963; Van Dorp et al., 1963). These structures are showed in Fig. 1. All
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compounds are coumarin derivatives that fused to a bifuran moiety.
Aflatoxin B contains pentanone structure which in placed with six member
lactone in aflatoxin G.
Spectral characteristics of aflatoxins are showed in Table 2. The
ultraviolet and infrared absorption spectra are similar in all four compounds.
The maximum fluorescence emission of aflatoxin B1 and B2 are 425 nm,
and for aflatoxin G1 and G2 are 450 nm. The emission property can be used
for estimation of aflatoxins concentration by fluorescence technique
(Carnaghan, Hartley, & O'kelly, 1963).
Several conditions lead to degradation of the compounds such as upon
standing in methanolic solution. This process is greatly accelerated in the
presence of light or heat. The compounds are substantial degraded on
chromatograms that exposed to air and ultraviolet or visible light (Wogan,
1966).
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Fig. 1. Structure of the aflatoxins. C1 position used for conjugation to BSA
and groups hydroxylated in aflatoxin M1 and M2 is shown.
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Table 1. Summary of physical data on aflatoxins. Modified from Wogen
(1966).
Molecular

Molecular

Melting point

Fluorescence

formula

weight

(๐C)

under UV light

B1

C17H12O6

312

268-269

Blue

B2

C17H14O6

314

286-289

Blue

G1

C17H12O7

328

244-246

Green

G2

C17H14O7

330

237-240

Green

M1

C17H12O7

328

299

Blue

M2

C17H14O7

330

293

Blue

Aflatoxin

Table 2. Summary of spectral data on aflatoxins (Wogan, 1966).
Ultraviolet absorption

Fluorescence
Infrared absorption

Aflatoxin

(E)

emission
-1

(cm )
(nm)

265 nm

363 nm

B1

13,400

21,800

1,760/1,684/1,632/1,598

425

B2

9,200

14,700

1,760/1,685/1,625/1,600

425

G1

10,000

16,100

1,760/1,695/1,630/1,595

450

G2

11,200

19,300

1,760/1,694/1,627/1,597

450
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4.1.4 Aflatoxins production
The agriculture products are contaminated with the fungus
during harvest, storage and processing. The fungus can produce aflatoxins
with optimal conditions. Optimal pH for aflatoxin production is in a broad
range of 3.0 - 10.0. Aflatoxins are synthesized with optimal temperature of
27 - 37 ๐ C, and moisture content about 95%. The O2 concentration and time
have effected to aflatoxin production. Some minerals such as Zn, Mg, Fe and
Ca increase aflatoxin production (Maggon, Gupta, & Venkitasubramanian,
1977; Park & Bullerman, 1981; Park & Bullerman, 1983).

4.1.5 Aflatoxin metabolism and toxicity
Aflatoxin B1 was experimentally confirmed as a potential
carcinogen in many animal species (Newberne & Butler, 1969; Wogan,
1966) and degree of toxicity was decided by metabolisms (Eaton &
Gallagher, 1994). Aflatoxin was metabolized by cytochrome P450 group of
enzymes in the liver (Neal, Eaton, Judah, & Verma, 1998). The study of
aflatoxin B1 metabolism in vitro revealed that there were at least five types
of metabolic reactions (Wong & Hsieh, 1980). These reactions are reduction,
hydroxylation, hydration, O-demethylation and epoxidation, leading to the
formation of aflatoxicol, aflatoxin H1, aflatoxin M1, aflatoxin B2a, aflatoxin
P1 and aflatoxin B1-epoxide, respectively. The converted metabolic products
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depend on the genetic predisposition of the species. The epoxide, a strongly
reactive form, can induce mutations by intercalating into DNA and guanine
adducts (Ross, Said, & Shank, 2000). This intercalation of epoxide causes a
G Æ T transversion at codon 249 in p53 gene in liver, which leads to hepatic
carcinoma. This observation is presumed as the major reason for aflatoxin
carcinogenicity (Jackson & Groopman, 1999). The species susceptibility to
aflatoxin is mainly depends on liver detoxification systems, genetic make up,
age and nutritional factors (Neal et al., 1998). The international agency for
research on cancer (IARC) has classified aflatoxin as a group I carcinogen
(Abnet, 2007).
Previous experiment revealed that exposure to large doses (above the
LD50) of aflatoxin may cause acute toxicity with lethal effect whereas
exposure to small doses (below the LD50) for prolonged periods cause
cancer. Two general forms, acute toxicity and chronic toxicity, were
categorized by the effects of aflatoxins on animal. The LD50 values in various
animals have been reviewed by Newberne and Butler (showed in Table 3).
Acute toxicity events are common in livestock. The main target organ
for aflatoxins is liver. After the invasion of aflatoxins, the liver cells are
necrosis or death, causing lipids infiltrated. This is due to the fact that
aflatoxin metabolites react with different cellular proteins, which lead to
inhibition of carbohydrate and lipid metabolism and protein synthesis (Edds,

13

1973; Robens & Richard, 1992).
Long term exposure of moderate to low aflatoxin concentration causes
chronic toxicity (Abdel-Haq, Palmery, Leone, Saso, & Silvestrini, 2000).
The symptoms include decreased growth rate, lowered milk or egg
production, and immunosuppression. Liver damage is apparent due to the
yellow color that is a characteristic of jaundice, and swollen gall bladder. The
decreased

phagocytic

activity

in

macrophages

lead

to

the

immunosuppression. These immunosuppressive effects of aflatoxins
predispose the animals with many secondary infections including other fungi,
bacteria and virus (Abdel-Haq, Palmery, Leone, Saso, & Silvestrini, 2000;
Guengerich et al., 1998; Newberne & Butler, 1969).

Table 3. Summary of LD50 values of aflatoxin B1 (Newberne & Butler,
1969).
Animal

LD50 (mg/kg)

Duckling

0.335

Rabbit

0.3

Pig

0.62

Guinea pig

1.4

Mouse

9.0
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4.1.6 Detection method
The systematic and complete monitoring of aflatoxins is a major
challenge in food production. Several methods for aflatoxin determination
have been developed. Methods based on thin-layer chromatography (TLC),
high-performance

liquid

chromatography

(HPLC)

or

enzyme-linked

Immunosorbent assay (ELISA) are mainly used for analysis. TLC method is
the separation techniques for aflatoxin determination. It has been considered
from the Association of Analytical Communities (AOAC) official method
since 1990. HPLC had been developed because of its advantages including
high sensitivity (> 0.1 ppb) and better resolution. Chromatographic analysis
has been widely accepted as an official method for aflatoxin determination
but the techniques are laborious, time consuming, costly and complicated.
Therefore, ELISA method was developed to solve the problems. In the field,
the ELISA test kit was used for screening determination of aflatoxins in
agriculture product because it is easy, convenient, low cost and rapid. The
positive screening sample was confirmed with high accuracy method such as
HPLC (Gilbert & Anklam, 2002; Stroka & Anklam, 2002). At the moment,
DOA-Aflatoxins ELISA test kit was approved for determination of aflatoxins
at a level of 0.4 ppb (according to the manufacture leaflet, Department of
Agriculture, Thailand).
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4.2 Enzyme-linked Immunosorbent Assay (ELISA)
Enzyme-linked immunosorbent assay (ELISA) is a biochemical
technique used in immunology for detection of an antibody or an antigen in a
sample. The first effective enzyme-labeled assay was described by Engvall
and Permann in 1970 (Engvall & Perlmann, 1971). The ELISA has been
used as a diagnostic tool in medicines and researches. In general, an
unknown amount of antigen was coated on surface of microtiter plate, and
then an enzyme-linked antibody was incubated in the surface so that it can
bind to the antigen. After washing step, a enzyme substrare was added to
develop detectable signal. The ELISA method has led to the development of
rapid test kits (Kolosova et al., 2006). However, high specific antibody is
essential.
ELISA is classified into four headings, direct, indirect, sandwich and
competition. The basis of various ELISAs method is summarized in Fig. 2.
A direct ELISA method may be used to measure antigen levels.
Antigen coated on the solid phase was directly bound with enzyme-linked
antibody. After washing, the color developed by enzyme substrate reaction
was measured. The color intensity of each well depends on the amount of
antigen and the amount of conjugated antibody that has bound to antigen
(Crowther, 1996).
An indirect ELISA method may be used to measure antibody levels.

16

The coated antigen was bound with antibody sample. The bound sample was
detected with an enzyme-linked antispecies as secondary antibody. In
principle, the detection method is similar to the direct ELISA. The tests can
be controlled using standard positive antisera and negative antisera. Thus,
this method has used for many applications (Kimman et al., 1996;
Lougovskaia et al., 2002).
A sandwich ELISA method, the antigen sample is reacted with coated
specific antibody. After washing, the complex was detected with enzymelinked antibody. The enzyme substrate was added after further wash. The
color developed is directly proportional to the amount of the bound antigen.
For this method, the antigen must have at least two different antigenic sites
(Kimman et al., 1996; Uotila, Ruoslathi, & Envall, 1981).
A competitive ELISA method was optimized for antigen or antibody
measurement in variety formats. In principle, the method measures the
inhibition of reacted for pretitrated system. The degree of inhibition reflects
the activity of sample. The competitive ELISA-indirect antigen method, the
pretitrated indirect ELISA, is competed by antigen. If the antigen shares
antigenic determinants with the coated antigen, it binds to the pretitrated
antibody that preventing them from reacting with the coated antigen. If there
is no similarity, the antibody can react with the coated antigen and the
complex was detected by enzyme-linked antispecies. The degree of
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inhibition of the reaction is proportional to the relative amount of the
competitor. This method has used for haptens determination (Yang et al.,
2008).

A. Direct ELISA

***
B. Indirect ELISA

***
C. Sandwich ELISA

***
Solid-phase
Antigen
Antibody

D. Competition ELISA

*

Fig. 2. A schematic diagram of various ELISAs.

Competitor

*

Enzyme linked antibody
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4.3 Antibody technology
4.3.1 Antibody structure
Antibody is an immunoglobulin protein which is produced by
the immune system in body for prevention purpose. The antibody molecule
consists four polypeptides chains. Two heavy chains and two light chains
joined to form a "Y" shape molecule with disulfide bonds. All four chains
were organized into the three structure units. Two of the units enable to bind
antigen, so called Fab (fragment antigen binding). The third unit are called
Fc (fragment crystalline) that interaction with effectors of immune system
such as complement. Antibody is divided into five major classes, IgM, IgG,
IgA, IgD, and IgE, based on their constant region structure and immune
functions. The variable regions are a specific binding site to target antigen
that it includes the N-terminal of the light chain and the heavy chain. The
variable region is further subdivided into complementarity determining
regions (CDRs) and framework (FR) regions. The CDRs regions, that contact
antigen, have a high ratio of different amino acids in this position whereas
FR regions have more stable amino acids sequences separate the CDRs
regions (Fig. 3). Antibody, which recognizs unique target antigen, has been
widely used as research tools, diagnostic and therapeutic agents (Barbas III,
Burton, Scott, & Silverman, 2001; Sidhu, 2005).

19

Fig. 3. A schematic diagram of antibody structure.

4.3.2 Antibody production
Conventionally,

antibody

product

is

obtained

from

hyperimmunized animals (polyclonal). Polyclonal antibody is serum product
of an immunized animal containing many different antibodies against various
epitope of injected antigen. This process is relatively inexpensive to produce
in large quantities but it usually presents cross-reaction and co-contaminant
events. Monoclonal antibody was developed to solve the defects of
polyclonal antibody. These antibodies are derived from single antibodyproducing cells immortalized by fusion to a B lymphocyte tumor cell line to
form hybridoma clones (Gabrijel, Kreft, & Zorec, 2008; Groves & Morris,
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2000). Secreted antibody is monospecific to a defined epitope of antigen.
Monoclonal antibody-based indirect ELISA was more sensitive to target than
polyclonal antibody (Deschamps, Hall, & McDermott, 1990).
The first hybridoma method has been described by Jerrold Schwaber
in 1973 (Schwaber & Cohen, 1973). Hybridoma cell production carries out
by fusing spleen cells from immunized mouse with myeloma cells (B
lymphocyte tumor cell line), using polyethylene glycol. The selective
medium, HAT medium are used for fused cells (hybridoma) selection. The
substrates in medium inhibit growth of the myeloma cells that are lack of the
hypoxanthine-guanine-phosphoribosyl transferase (HGPRT) which is a key
enzyme of purines biosynthesis pathway. The antibodies secreted by
different selected clones are tested for their ability to bind to the antigen
using ELISA or antigen microarray assays. For large-scale antibody
production, mice injected with selected hybridoma cells produced tumors
containing an antibody-rich fluid, so called “ascites”.
Hybridoma technology was replaced by recombinant antibody
technology for current antibody production. The disadvantages of hybridoma
technology are expensive, complicated and tedious production. In
recombinant technology, antibody genes from immunized animals can be
amplified by PCR and expressed in different expression system (bacteria
display, yeast display and phage display) in various forms including Fab , Fv,
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scFv and VH (fig. 4). The advantages of these small antibody fragments are
easier to manipulated genetically and expressed in expression systems (Yau
et al., 2003). Among these, Fab fragment is more stable and advanced
application than other fragments but it give lower expression levels in
Escherichia coli (Barbas III et al., 2001).

Fig. 4. A schematic diagram illustrating the structures of conventional
antibody molecule (IgG) and its different recombinant forms (Yau et al.,
2003).
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4.4 Phage display technology
4.4.1 Principle of phage display
Phage display is a novel recombinant antibody technology
which expresses the functional foreign peptides, including antibody on the
surface of bacteriophage by linking the genotype with its encoded phenotype
(Smith, 1985). This technique is a high throughput selection of antibody
from a diverse library of displayed antibodies on the basis of molecular
recognition for in vitro antibody selection, called “panning”. Phage display
generates high diversity library (1012-1014 pfu/ml) which increases efficiency
for selection of target antibody. The advantages of phage display are easy to
manipulate, rapid, inexpensive and appropriate for large scale of production.
Many recombinant antibodies with specificity for various antigens such as
human-self antigens, botulinum toxin and small haptens were produced by
phage display technology (Yau et al., 2003). Phage display has been
successfully used to select scFv antibody specific to aflatoxin B1 from naïve
recombinant antibody library (Moghaddam, Lobersli, Gebhardt, Braunagel,
& Marvik, 2001). However, Fab antibody specific to aflatoxins from phage
display has never been reported.
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4.4.2 Filamentous phage biology
The filamentous bacteriophages (genus Inovirus) are a group of
viruses that contains a circular single-stranded DNA (+) genome encased in a
long protein capsid cylinder. These bacteriophages infect wide varieties of
gram-negative bacteria, including Escherichia coli, Xanthomonas, Thermus,
Pseudomonas, Salmonella and Vibrio. The Ff class of filamentous
bacteriophages, including M13, f1 and fd, was characterized and extensively
studied. The name implies their method of host cell entry via the tip of the F
conjugative pilus on surface of E. coli. The gene products of three phages are
the same because of 98 % identity level of the DNA sequences. The Ff phage
particle is long, slender and flexible rods with 6.5 nm in diameter and 930
nm in length. The Ff phage genome encodes eleven proteins for structure
organization. The genes are grouped in the genome according to the
functions. pII, pV and pX encode the proteins required for the genome
replication. pIII, pVI, pVII, pVIII and pIX encode the capsid coat proteins.
pI, pIV and pXI are required for the membrane-associated assembly of phage.
The pVIII is the major coat protein that encoding with the signal sequence
whereas pIII, pVI and pVII are the minor coat proteins. The pIII serves dual
functions, required for infectivity and the phage assembly termination
(Barbas III et al., 2001; Wong & Hsieh, 1980).
Two-step infection processes of Ff phages are recognition and
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translocation. At the first step, the virus recognizes its host by binding to Fpilus on surface of bacterial cell. After involving the pilus retraction, viral
capsid protein is integrated into the bacterial cell membrane and uncoated
viral DNA is translocated into the host cytoplasm (Sidhu, 2005).
The host cells remain survived during Ff phages infection. The ssDNA
is converted to a replicative form in dsDNA by mixture of bacterial and
phage-encode components. Many copies of newly viral ssDNA binding
protein were synthesized with replicative process. The capsid proteins are
synthesized as integral membrane proteins that remain in membrane until the
assembly steps. Assembly occurs at specific sites of bacterial envelop. The
viral DNA extruded through the assembly site and is packaged by the capsid
proteins. The phage particles are secreted outside of host. The bacteria
tolerate this process quite well and the growth decrease about 50% of
generation time. In the first generation, about 1000 phage particles were
produced then the bacteria produce about 100-200 particles per generation.
At the end of infection process, titers of 1011-1012 particles/ml were obtained
from host culture (Barbas III et al., 2001; Sidhu, 2005; Wang et al., 2006).
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4.4.3 Phage display vectors
The coat proteins of filamentous phage (Fig. 5) can be fused to
foreign peptides for displaying peptides on the phage surface. The minor coat
protein, pIII, and the major coat protein, pVIII, have been successfully used
for displaying foreign peptides using phage-display vectors (Fig. 6). Phagedisplay vectors are divided into three types including wild-type, fd-tetderived and phagemid. Wild-type phage vectors, the upstream of gene
encoding coat protein in phage genome, were inserted with foreign DNA for
display. This system may be denoted as type 3 or type 8 to indicate phage
coat proteins (pIII or pVIII). M13KE is an example of type 3 vector that is
derived from the M13mp19 phage vector (Messing, 1983). The fd-tetderived phage vector (e.g. f88-4) was originally developed to solve the poor
production and low infectivity defects of type 3. There are two pIII genes
within the same vector, one being the wild-type and the other bearing the
fusion protein. A crippled phage genome can be propagated as plasmid under
antibiotic selection. This system is called type 33 and the corresponding
vector using the pVIII gene is called type 88. However, the displayed
proteins interact with the wild-type coat proteins (pI, pVII or pIX) at the
initial stages of assembly that effect the infection of phage particles.
Type 3+3 or type 8+8 phagemid systems have been developed for
effective peptides-display. The vectors carry the foreign peptide as fused to
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the N-terminus of phage coat protein and the phage origin of replication for
the production of ssDNA, which is packed into new phage particles. Other
wild-type coat proteins for assembly of phage particles provide by helper
phages (VCSM13 and M13) which is co-infected to bacterial cell that
harbors the phagemid. The 88 or 8+8 type vectors can be displayed about
200 copies of foreign peptides on a single phage surface. The one or three
copies of fusion proteins can be presented on each phage particle with 33 or
3+3 type vectors. The pComb3 vectors are designed vector in type 3+3 and it
is effectively useful for displaying large peptide fragments without affecting
phage structure. For antibody display, the most commonly used the minor
coat protein pIII of filamentous phage for display because largely inserted
size and optimized display position. Many recombinant antibodies have been
successfully displayed and selected in this expression system (Barbas, Kang,
Lerner, & Benkovic, 1991; Burioni et al., 1998).
The pComb3H is the second generation vector designed to solve of the
stability problems with the original pComb3 vector. Phagemid pComb3H
contains the single lac promoter and combination of pelB & ompA leader
sequences to direct expression of antibody to periplasmic space whereas
pComb3 contains the repeated lac promoter and pelB leader sequences. The
directional cloning with single rare-cutting restriction enzyme, SfiI was
incorporated in pComb3H vector. The pComb3X vector, that has all the
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features of pComb3H, was improved to facilitate isolation and soluble
protein study by addition of the two peptide tags at the C-terminus of the
displayed protein including 6x histidine and HA (Barbas III et al., 2001;
Sidhu, 2005; Wang et al., 2006). The pComb3X phagemid is suitable system
for antibody library generation by phage display technology. The selection of
antibody can be succeeded by this system.

Fig. 5. Schematic diagram of a filamentous bacteriophage and its various
coat proteins (Yau et al., 2003).
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Fig. 6. Various vectors used to display antibody fragment on the surface of
filamentous phage through the minor coat protein pIII (Yau et al., 2003).

CHAPTER II
MATERIALS AND METHODS

1. Construction of chimeric mouse/human Fab antibody library

1.1 Immunization
50 µg of aflatoxin B1-conjugated with bovine serum albumin (AFB1BSA) (Sigma, USA), an immunogen, was dissolved in 50 µL of PBS and
emulsified in an equal volume of Freund’s adjuvant (Sigma, USA). It was
subcutaneously injected into each of three 4-week-old male ICR mice
(approximate weight of 20 grams, obtained from the National Laboratory
Animal Centre, Mahidol University, Thailand). The first injection was given
with complete Freund’s adjuvant. The following injections were given with
incomplete Freund’s adjuvant. Volume of AFB1-BSA and schedule of
injection are shown in Table 4.
Five days after completing the immunization schedule, serum was
collected and stored at -20 ๐C for determining the antibody titer. Spleens and
bone marrows were processed for total RNA preparations.
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Table 4. Immunization schedule
Primary
First Boost Second Boost
Components

Immunization
(Day 21)

(Day 46)

50 µL

16 µL

10 µL

Sterile PBS to 50 µL

-

34 µL

40 µL

Complete Freund’s Adjuvant

50 µL

-

-

Incomplete Freund’s Adjuvant

-

50 µL

50 µL

(Day 0)
Stock Aflatoxin B1-BSA
(1mg/mL)

Make emulsion by pushing through
the insulin syringe (5 times)
Injection (2 sites; 0.05 mL each)

Subcutaneously; using insulin syringe

1.2 Titering immune serum ELISA
Microtiter plate (Costar EIA/RIA 96-well half area) was coated with
25 µL of 60 ng AFB1-BSA in PBS per well and incubated at 4 ๐C overnight.
The wells were blocked with 150 µL of 3% BSA in PBS and incubated at 37
๐

C for 1 hour. After discarding the blocking reagent, the wells were added

with 50 µL of three-fold serial dilutions of serum in 3% BSA, beginning with
1:5,000 dilution and ending with 1:3,645,000 dilution. After incubating at 37
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C for 1 hour, the wells were washed 10 times with water and added with 50

µL of 1:2,500 dilution of HRP conjugated goat anti-mouse IgG antibodies
(KPL, USA) in 3% BSA. After incubating at 37 ๐C for 1 hour, the wells were
washed 10 times with water and added with 50 µL of ABTS developing
buffer (Calbiochem, USA). The plate was incubated at room temperature for
30 min and the absorbance was read at 405 nm by a microplate reader
(Biohit, Finland). Binding with 3% BSA and no antigen coated well were
used as negative controls in this experiment. The samples were performed in
duplicate and the average absorbance was used for titer calculation. The
absorbance of positive sample was at least two times higher than that of the
negative control.

1.3 Isolation of total RNA
Total RNA was isolated from the immunized mouse spleens and bone
marrows using Trizol® method (Invitrogen, USA). Each spleen (approximate
weight 150 mg) was homogenized in 3 mL of Trizol® reagent using
WiseMix® homogenizer (DAIHAN Scientific, Korea) at speed 50 on ice for
10 seconds, 5 times with 30 seconds interval. The homogenize step was
repeated 5 times. One mL of the homogenized sample was transferred into a
1.5 mL sterile microcentrifuge tube and incubated at room temperature for 5
minutes. The tube was added with 200 µL of chloroform and shaken by hand

32

for 15 seconds. The emulsion was let stand at room temperature for 2-3
minutes and spun at 12,000x g at 4 ๐C for 15 minutes. The top aqueous phase
was carefully transferred into a new 1.5 mL sterile microcentrifuge tube and
500 µl of pre-chilled isopropyl alcohol was added into the tube. After briefly
mixing and incubating at -20 ๐C for 20 minutes, the tube was spun at 12,000x
g at 4 ๐C for 15 minutes and the supernatant was discarded. The RNA pellet
was washed once with 1 mL of pre-chilled 70% ethanol and spun at 7,500x g
at 4 ๐C for 5 minutes. The pellet was briefly air dried and dissolved in 30 µL
of DEPC-treated water. The RNA concentration was determined by WPA®
spectrophotometer (Biochrom, UK) at wavelength 260 nm. The high quality
of RNA solution was indicated with 260/280 ratio that value between 1.72.0. The total RNA samples were stored at -80 ๐C.

1.4 First-strand cDNA synthesis
5 µg of total RNA was reverse transcribed by oligo(dT) primer with
reverse transcriptase using SuperScript™II first-strand synthesis system for
RT-PCR (Invitrogen, USA). For cDNA synthesis, the reaction was carried
out by adding the following components:
Total RNA

5 µg

Oligo (dT) (500 ng/µL)

1 µL

DEPC-treated water to

10 µL.
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The mixture was incubated at 65 ๐C in a Thermal cycler (Biometra,
Germany) for 5 minutes and immediately chilled on ice for 2 minutes. The
following component was added into the reaction:
10x RT buffer

2 µL

25 mM MgCl2

4 µL

0.1 M DTT

2 µL

RNaseOUT™ (40 units/µL)

1 µL.

After the mixture was incubated at 42 ๐C in Thermal cycler for 2 minutes, 1
µL of SuperScript™ II reverse transcriptase (50 units/µL) was added into the
reaction and was further incubated for 50 minutes, followed by a 15 minutes
reaction was added with 1 µL of E.coli RNase H (2 units/µL) and incubated
at 37 ๐C for 20 minutes. The cDNA was stored at -20 ๐C.

1.5 Generation of chimeric mouse/human Fab library
Chimeric mouse/human Fab antibodies were constructed from cDNA
and pComb3XTT which contains kappa light chain and CH1 heavy chain of
human constant regions as template using two steps of overlap extension
PCR (Fig. 7).
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Fig. 7. A schematic of overlap extension PCR. The steps of overlapped PCR
products in each round using specified primers for chimeric mouse/human
Fab construction. VL: variable region of light chain; VH: variable region of
heavy chain; CL: constant region of light chain; CH1: constant region of
heavy chain.
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1.5.1 Amplifications of mouse variable regions and human
constant regions
In the first round of PCR, the nine reactions of light chain
variable regions (Vκ) and the twelve reactions of heavy chain variable
regions (VH) were amplified from the synthesized cDNA with Vκ and VH
primers mix (see Table 5). Each reaction of variable regions amplification
contained the following components:
cDNA

1 µL

Vκ 5’sense primers or VH 5’sense primers

60 pmole

Vκ 5’reverse primers or VH 5’reverse primers

60 pmole

10x PCR buffer

10 µL

2.5 mM dNTP

10 µL

25 mM MgCl2

8 µL

Taq polymerase (1 unit/µL) (Invitrogen, USA)

1 µL

water to

100 µL.

The PCR reaction in PCR tubes were placed into the Thermal cycler using
the following conditions:
94 ๐C for 30 seconds
followed by 30 cycles of
94 ๐C for 15 seconds,
56 ๐C for 30 seconds, and
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72 ๐C for 90 seconds
and continued 72 ๐C for 10 minutes.
The ten reactions of Cκ - pelB fragment and heavy chain constant
region (CH1) were amplified from pComb3XTT with Cκ and CH1 primers
(see Table 5). Each reaction of constant region amplification contained the
following components:
pComb3XTT plasmid

20 ng

HKC-F or HIgGCH1F (sense)

60 pmole

Lead-B or dpseq (reverse)

60 pmole

10x PCR buffer

10 µL

2.5 mM dNTP

10 µL

25 mM MgCl2

8 µL

Taq polymerase (1 unit/µL)

1 µL

water to

100 µL.

The PCR reaction in PCR tubes were placed into the Thermal cycler using
the conditions of variable regions amplification.
The pools of PCR products of each type of reaction, the mouse light
chain products, the mouse heavy chain products, the Cκ – pelB fragment and
the CH1 region were precipitated by adding 2.5 volume of ethanol and
purified by using 1.5% agarose gel and Nucleospin® Extract II PCR clean-up
gel extraction (MACHEREY-NAGEL, Germany). The purify PCR products

37

were quantified by reading the OD260 and 1 µg of each purify products are
required to proceed.

1.5.2 Amplifications of chimeric light chain and heavy chain
In the second round of PCR (1st step overlap extension), the first
round mouse variable region PCR products were combined with the human
constant region PCR products to generate chimeric light chain and heavy
chain fragments. The ten reactions of each type of reaction were amplified
with designed primers (see Table 5) and each reaction contained the
following components:
purified variable region fragments

100 ng

purified constant region fragments

100 ng

RSC-F or Lead-VH (sense)

60 pmole

Lead-B or dpseq (reverse)

60 pmole

10x PCR buffer

10 µL

2.5 mM dNTP

10 µL

25 mM MgCl2

8 µL

Taq polymerase (1 unit/µL)

1 µL

water to

100 µL.

The PCR reaction in PCR tubes were placed into the Thermal cycler using
the following conditions;
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94 ๐C for 30 seconds
followed by 15 cycles of
94 ๐C for 15 seconds,
56 ๐C for 30 seconds, and
72 ๐C for 2 minutes
and continued 72 ๐C for 10 minutes.
The pools of PCR products of each type of reaction, the chimeric light
chain products and the chimeric heavy chain products were reduced the
volume and the fragments were purified using the same protocol of the first
round of PCR. The purify PCR products were quantified by reading the
OD260 and 1 µg of each purify products are required for next step.

1.5.3 Amplifications of chimeric mouse/human Fab fragment
In the third round of PCR (2nd step overlap extension), the
second round chimeric light chain products was assembled with the chimeric
heavy chain products to generate chimeric mouse/human Fab fragment. The
ten reactions were amplified with designed primers (see Table 5) and each
reaction contained the following components:
purified light chain fragments

100 ng

purified heavy chain fragments

100 ng
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RSC-F primer

60 pmole

Dp-EX primer

60 pmole

10x PCR buffer

10 µL

2.5 mM dNTP

10 µL

25 mM MgCl2

8 µL

Pyrobest DNA polymerase (5 units/µL) (Takara, Japan) 0.2 µL
And add water to bring the final reaction volume of 100 µL.
The PCR reaction in PCR tubes were placed into the Thermal cycler using
the following conditions;
94 ๐C for 30 seconds
followed by 10 cycles of
94 ๐C for 15 seconds,
56 ๐C for 30 seconds, and
72 ๐C for 3 minutes
and continued 72 ๐C for 10 minutes.
The pools of PCR products were precipitated by adding 2.5 volume of
ethanol and the target fragments were purified by using 1% agarose gel and
Nucleospin® Extract II. The purify PCR products were quantified by reading
the OD260 and 10-15 µg of purify products should be sufficient to continue.
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1.6 Cloning of chimeric mouse/human Fab into pComb3XSS vector
The PCR products and the pComb3XSS phagemid vector were
prepared for cloning by performing SfiI restriction digestion (Fig. 8). The
digestion reaction of the PCR products contained the following components:
purified 2nd step overlap extension PCR product

10 µg

10x NEBuffer 2 (Biolabs, UK)

20 µL

SfiI (20 units/µL) (Biolabs, UK)

8 µL

And add water to bring the final reaction volume of 200 µL.
The digestion reaction of pComb3XSS contained the following components;
pComb3XSS phagemid vector

20 µg

10x NEBuffer 2

20 µL

SfiI (20 units/µL)

8 µL

And add water to bring the final reaction volume of 200 µL.
After incubating at 50 ๐C for 5 hours, both digestion reactions were
precipitated by adding 2.5 volume of ethanol and purified the digested PCR
fragment (about 1,500 base pairs), the digested vector (about 3,400 base
pairs) and the stuffer fragment (about 1,600 base pairs) by using 0.7%
agarose gel and Nucleospin® Extract II. The purify digestion products were
quantified by measuring the OD260.
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Fig. 8. (A) Fab fragment has a symmetric SfiI restriction sites on the 5’ and
3’ ends that are used for directional cloning into the pCom3XSS. The stuffer
fragment is used for test ligation. (B) Construction of generated phagemid
vector based on pComb3XSS. Transcription of Fab gene is driven by lacZ
promoter. The light chain is directed to the periplasm by the ompA signal
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peptide, whereas the heavy chain and tagging proteins including 6x histidine
and HA are trafficked by the pelB signal peptide.

The digested vector and PCR product were performed small-scale
ligations to assess the suitability for high efficiency ligation and
transformation. The stuffer was used as control ligation reaction performing
in parallel to assess vector quality. The test ligations were performed the
following small-scale ligation reactions:
digested pComb3XSS vector

140 ng

digested overlap PCR product

140 ng

5x T4 DNA ligase buffer

4 µL

T4 DNA ligase (1 unit/µL) (Invitrogen, USA)

1 µL

water to

20 µL.

control ligation 1 (control insert):
digested pComb3XSS vector

140 ng

digested stuffer

140 ng

5x T4 DNA ligase buffer

4 µL

T4 DNA ligase (1 unit/µL)

1 µL

water to

20 µL.

control ligation 2 (test for vector self-ligation):
digested pComb3XSS vector

140 ng
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5x T4 DNA ligase buffer

4 µL

T4 DNA ligase (1 unit/µL)

1 µL

water to

20 µL.

After incubating at room temperature overnight, one µL of each reaction was
added into 50 µL of electrocompetent XL1-blue cells and the reaction was
transferred into pre-chilled 1 mm gap-Eppendorf® cuvette (Cole-Parmer,
USA). After standing on ice for 1 minute, the cuvette was placed in the
Eppendorf® electroporator (Cole-Parmer, USA) and electroporated at 1,500
volts. The transformed cells was transferred into a 15-mL sterile tube and
added with 3 mL of SOC medium. After shaking 200 rpm at 37 ๐C for 1
hour, various dilution of the cultures (1, 10 and 100 µL) was plated on LB
agar plate supplemented with 100 µg/mL ampicillin and the plates were
incubated at 37 ๐C overnight. The colonies on the plates of each test were
counted and calculated for the number of transformants per µg of DNA
vector. If the number should exceed 1 X 107 CFU/µg DNA vector the largescale library ligation will be performed by following ligations containing:
digested pComb3XSS vector

1.4 µg

digested overlap PCR product

1.4 µg

10x T4 DNA ligase buffer

20 µL

T4 DNA ligase (200 units/µL) (Invitrogen, USA)

3 µL

water to

200 µL.
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After incubating at room temperature overnight, the ligation reaction was
added with one µL of glycogen solution (20 mg/mL) (Ambion, USA) as
carrier and concentrated to 15 µL by ethanol precipitation. The 15 µL of
library ligation was transformed into electrocompetent XL1-blue cells by the
following library transformation method.

2. Preparation of electrocompetent E. coli
0.5 mL of preculture of XL1-blue was diluted into two 2-liter flasks
with 500 mL of SB medium and shaken at 200 rpm for 37 ๐C. After reaching
about 0.7 optical density (OD) at 600 nm, the culture was chilled on the two
500-mL centrifuge bottles for 15 minutes and spun at 3,000x g at 4 ๐C for 20
minutes. The pellets were briefly resuspended in 250 mL of pre-chilled 10%
glycerol and spun at 3,000x g for 20 minutes at 4 ๐C. The pellet was briefly
resuspended in 25 mL of pre-chilled 10% glycerol and transferred into 50mL tubes. The tubes were spun at 2,500x g at 4 ๐C for 15 minutes after that
the washing step was repeated for 3 times. Finally, the pellet, resuspended
with 2 mL of pre-chilled 10% glycerol, was split by 100 µL into each
microcentrifuge tubes placed in the dry ice using snipped-off end of 1-mL
pipette tip and stored at -80 ๐C for electrotransformation. XL1-blue cell
contains tetracycline resistance gene.
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Table 5. Primers for Fab amplification (Barbas III, Burton, Scott, &
Silverman, 2001). The concentration of primers for set-up the primer mix is
500 mM.
Amount
Primer name

Sequence (5’Æ3’)
(µL)

Vκ 5’ sense primers
MSCVK-1

ggg ccc agg cgg ccg agc tcg aya tcc agc tga ctc agc c

1

MSCVK-2

ggg ccc agg cgg ccg agc tcg aya ttg ttc tcw ccc agt c

2

MSCVK-3

ggg ccc agg cgg ccg agc tcg aya ttg tgm tma ctc agt c

5

MSCVK-4

ggg ccc agg cgg ccg agc tcg aya ttg tgy tra cac agt c

3.5

MSCVK-5

ggg ccc agg cgg ccg agc tcg aya ttg tra tga cmc agt c

4

MSCVK-6

ggg ccc agg cgg ccg agc tcg aya ttm aga tra mcc agt c

7

MSCVK-7

ggg ccc agg cgg ccg agc tcg aya ttc aga tga ydc agt c

6

MSCVK-8

ggg ccc agg cgg ccg agc tcg aya tyc aga tga cac aga c

1.5

MSCVK-9

ggg ccc agg cgg ccg agc tcg aya ttg ttc tca wcc agt c

2

MSCVK-10

ggg ccc agg cgg ccg agc tcg aya ttg wgc tsa ccc aat c

3.5

MSCVK-11

ggg ccc agg cgg ccg agc tcg aya tts tra tga ccc art c

8

MSCVK-12

Ggg ccc agg cgg ccg agc tcg ayr ttk tga tga ccc ara c

8

MSCVK-13

ggg ccc agg cgg ccg agc tcg aya ttg tga tga cbc agk c

6

MSCVK-14

ggg ccc agg cgg ccg agc tcg aya ttg tga taa cyc agg a

2

MSCVK-15

ggg ccc agg cgg ccg agc tcg aya ttg tga tga ccc agw t

2

MSCVK-16

ggg ccc agg cgg ccg agc tcg aya ttg tga tga cac aac c

1

MSCVK-17

ggg ccc agg cgg ccg agc tcg aya ttt tgc tga ctc agt c

1
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Table 5. (Continued)
Amount
Primer name

Sequence (5’Æ3’)
(µL)

Vκ 3’ reverse primers
MHybJK12-B

aga tgg tgc agc cac agt tcg ttt kat ttc cag ytt ggt ccc

1

MHybJK4-B

aga tgg tgc agc cac agt tcg ttt tat ttc caa ctt tgt ccc

1

MHybJK5-B

aga tgg tgc agc cac agt tcg ttt cag ctc cag ctt ggt ccc

1

VH 5’ sense primers
MHyVH1

gct gcc caa cca gcc atg gcc ctc gag gtr mag ctt cag gag tc

4

MHyVH2

gct gcc caa cca gcc atg gcc ctc gag gtb cag ctb cag cag tc

4

MHyVH3

gct gcc caa cca gcc atg gcc ctc gag gtg cag ctg aag sas tc

3

MHyVH4

gct gcc caa cca gcc atg gcc ctc gag gtc car ctg caa car tc

4

MHyVH5

gct gcc caa cca gcc atg gcc ctc gag gty cag ctbcag car tc

7

MHyVH6

gct gcc caa cca gcc atg gcc ctc gag gty car ctg cag cag tc

2

MHyVH7

gct gcc caa cca gcc atg gcc ctc gag gtc cac gtg aag cag tc

1

MHyVH8

gct gcc caa cca gcc atg gcc ctc gag gtg aas stg gtg gaa tc

2

MHyVH9

gct gcc caa cca gcc atg gcc ctc gag gtg awg ytg gtg gag tc

5

MHyVH10

gct gcc caa cca gcc atg gcc ctc gag gtg cag skg gtg gag tc

2

MHyVH11

gct gcc caa cca gcc atg gcc ctc gag gtg cam ctg gtg gag tc

2

MHyVH12

gct gcc caa cca gcc atg gcc ctc gag gtg aag ctg atg gar tc

2

MHyVH13

gct gcc caa cca gcc atg gcc ctc gag gtg car ctt gtt gag tc

1
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Table 5. (Continued)
Amount
Primer name

Sequence (5’Æ3’)
(µL)

VH 5’ sense primers
MHyVH14

gct gcc caa cca gcc atg gcc ctc gag gtr aag ctt ctc gag tc

2

MHyVH15

gct gcc caa cca gcc atg gcc ctc gag gtg aar stt gag gag tc

2

MHyVH16

gct gcc caa cca gcc atg gcc ctc gag gtt act ctr aaa gwg tst g

5

MHyVH17

gct gcc caa cca gcc atg gcc ctc gag gtc caa ctv cag car cc

3.5

MHyVH18

gct gcc caa cca gcc atg gcc ctc gag gtg aac ttg gaa gtg tc

0.7

MHyVH19

gct gcc caa cca gcc atg gcc ctc gag gtg aag gtc atc gag tc

0.7

VH 3’ reverse primers
MHyIgGCH1-B1

cga tgg gcc ctt ggt gga ggc tga gga gac ggt gac cgt ggt

1

MHyIgGCH1-B2

cga tgg gcc ctt ggt gga ggc tga gga gac tgt gag agt ggt

1

MHyIgGCH1-B3

cga tgg gcc ctt ggt gga ggc tgc aga gac agt gac cag agt

1

MHyIgGCH1-B4

cga tgg gcc ctt ggt gga ggc tga gga gac ggt gac tga ggt

1

Primers for amplification of the human Cκ region and the pelB leader sequence
from a cloned human Fab
HKC-F (sense)
Lead-B (reverse)

cga act gtg gct gca cca tct gtc

-

ggc cat ggc tgg ttg ggc agc

-

Primers for Amplification of the Human CH1 chain from a cloned human Fab
HIgGCH1F (sense) gcc tcc acc aag ggc cca tcg gtc
dpseq (reverse)

aga agc gta gtc cgg aac gtc

-
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Table 5. (Continued)
Amount
Primer name

Sequence (5’Æ3’)
(µL)

Primers for PCR assembly of mouse VL sequences with the human Cκ PCR
product
RSC-F (sense)
Lead-B (reverse)

gag gag gag gag gag gag gcg ggg ccc agg cgg ccg agc tc

-

ggc cat ggc tgg ttg ggc agc

-

Primers for PCR assembly of mouse VH sequences with the human CH1 PCR
product
Lead-VH (sense)

gct gcc caa cca gcc atg gcc

-

dpseq (reverse)

aga agc gta gtc cgg aac gtc

-

Primers for PCR assembly of chimeric light-chain sequences with chimeric
heavy-chain sequences
RSC-F (sense)

gag gag gag gag gag gag gcg ggg ccc agg cgg ccg agc tc

-

dp-EX (reverse)

gag gag gag gag gag gag aga agc gta gtc cgg aac gtc

-
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3. Plaque-forming assay
50 µL of the XL1-blue preculture was infected with 1 µL of phage
sample dilutions (10-6, 10-7 and 10-8) and incubated at room temperature for
15 minutes. 3 mL of liquefied LB top agar (cooling than 45-50 ๐C) was added
into the infected culture and pour onto the plain LB agar plate. The plates
were incubated at 37 ๐C overnight. The numbers of plaques on the plate were
counted to calculate the quantity of phage sample.

4. Preparation of helper phage
The VCSM13 helper phage containing kanamycin resistance gene was
obtained from Stratagene, USA. The freshly prepared plaques were prepared
by using plaque-forming assay. The single VCSM13 plaque was reinfected
into 10 mL of XL1-blue preculture. After shaking 200 rpm at 37 ๐C for 2
hours, the infected culture was transferred to 500 mL of pre-warmed 2xTY
medium supplemented with 70 µg/mL kanamycin and shaken at 37 ๐C
overnight. The supernatant was removed from the pellet by centrifugation at
7,500x g at 4 ๐C for 15 minutes and precipitated by dissolving the phage
solution with 4% (w/v) PEG8000 and 3% (w/v) NaCl. After placing on ice
for 30 minutes, the phage solution was spun at 14,000x g at 4 ๐C for 15
minutes. The pellet was resuspended in 2 mL of 1% BSA in PBS and spun
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again at 14,000x g at 4 ๐C for 5 minutes. The supernatant was filtrated
through a 0.2 µm filter into a sterile microcentrifuge tube and determined the
titer of the VCSM13 preparation using plaque-forming assay.

5. Library transformation
The library ligation (from method no. 1.6) was divided into a three
microcentrifuge tubes (5 µL/tube) and placed on ice for 5 minutes. The 100
µL of electrocompetent XL1-blue cells was added into each reaction tube
and gently mixed once by a snipped-off end pipet tip. The reactions were
transferred to pre-chilled 2 mm gap cuvette (Bio-Rad, USA) and stored on
ice for 1 minute. The cuvettes were electroporated at 2,500 volts using
Eppendorf® Electroporator. The transformed culture was washed from each
cuvette with 5 mL of pre-warmed SOC medium and the 15 mL of
transformed culture was combined in a 50-mL tube. After shaking 200 rpm
at 37 ๐C for 1 hour, the tube was added with 3 µL of 100 mg/mL ampicillin
and 7.5 µL of 20 mg/mL tetracycline HCl. The titer of transformed bacteria
as library size was determined by the following the method in titer
determination. After the tube was shaken at 37 ๐C for 1 hour, 2 mL of
VCSM13 helper phage (1012-1013 pfu/mL) and 183 mL of prewarmed 2xTY
medium supplemented with 92.5 µL of 100 mg/mL ampicillin and 92.5 µL
of 20 mg/mL tetracycline HCl were added into the culture. The 200-mL
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culture was shaken at 37 ๐C for 2 hours and added with 280 µL of 50 mg/mL
kanamycin. After shaking 200 rpm at 37 ๐C overnight, the overnight culture
was spun at 4,500x g at 4 ๐C for 20 minutes and the supernatant was
performed to phage library precipitation by dissolved with 4% (w/v)
PEG8000 and 3% (w/v) NaCl. After placing on ice for 30 minutes, the phage
solution was spun at 7,500x g at 4 ๐C for 15 minutes. The pellet was
resuspended in 2 mL of 1% BSA in PBS and spun again at 14,000x g at 4 ๐C
for 5 minutes. The supernatant was filtrated through a 0.2 µm filter into a
sterile microcentrifuge tube and stored at 4 ๐C. The freshly prepared phage
library should be used for panning.

6. Library reamplification
10 µL of the phage library preparation was incubated with 50 mL of
XL1-blue culture (OD600 is about 1) at room temperature for 15 minutes. The
infected culture was added with 10 µL of 100 mg/mL ampicillin. The titer of
phage infected bacteria was checked by spreading 1 µL and 10 µL of a 10-4
dilution of infected bacteria on LB agar supplemented with 100 µg/mL
ampicillin. After the plate was incubated at 37๐C overnight, number of
colony forming units were used to calculate the titer. After shaking 200 rpm
at 37 ๐C for 1 hour, the infected 50-mL culture was added with 15 µL of 100
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mg/mL ampicillin and further shaken at 37 ๐C for 1 hour. The infected
culture was added with 2 mL of VCSM13 helper phage (1012-1013 pfu/mL)
and 148 mL of pre-warmed 2xTY medium supplemented with 70 µL of 100
mg/mL ampicillin and 300 µL of 5 mg/mL tetracycline HCl. After shaking
200 rpm at 37 ๐C for 2 hours, the 200-mL culture was added with 280 µL of
50 mg/mL kanamycin and shaken at 37 ๐C overnight. The supernatant was
removed from overnight culture by centrifugation at 4,500x g at 4 ๐C for 20
minutes. The supernatant was precipitated and resuspended by following the
method in library transformation. The freshly prepared reamplify phage was
used for panning.
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7. Panning
The wells of microtiter plate (Costar EIA/RIA 96-well half area) were
coated with 25 µL of 60-100 ng AFB1-BSA in PBS and incubated at 4 ๐C
overnight. In the first round of panning, 100 ng of antigen was coated onto
each well and 60 ng of antigen was used in subsequent rounds. The wells
were blocked by adding 150 µL of 3% BSA in PBS and incubated at 37 ๐C
for 1 hour. After removing the blocking reagent, the wells were incubated
with 50 µL of the freshly prepared phage library at 37 ๐C for 2 hours. For the
washing steps, 150 µL of washing buffer (PBS buffer supplemented with
0.5% Tween20®) was added into each well and vigorously pipetted for 10
times. After waiting for 5 minutes, the wash solution was discarded and the
washing steps were repeated 5 times for the first round and 10 times for the
subsequent rounds. After discarding the final washing solution, 50 µL of the
freshly prepared 10 mg/mL trypsin in PBS was added into each well and
incubated at 37 ๐C for 30 minutes. The trypsinized solution was vigorously
pipetted for 10 times and transferred to 2 mL of a prepared XL1-blue culture
(OD600 is about 1). The infected culture was placed in a dark room at room
temperature for 15 minutes. The culture was added with 6 mL of pre-warmed
2xTY medium supplemented with 1.6 µL of 100 mg/mL ampicillin and 3
µL of 20 mg/mL tetracycline HCl. The titer of infected bacteria (output titer)
was determined by following the method in titer determination. After
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shaking 200 rpm at 37 ๐C for 1 hour, the 8-mL culture was added with 2.4 µL
of 100 mg/mL ampicillin and shaken at 37 ๐C for 1 hour. The culture was
added with 1 mL of VCSM13 helper phage (1012-1013 pfu/mL) and
transferred to 91 mL of pre-warmed 2xTY medium supplemented with 46 µL
of 100 mg/mL ampicillin and 46 µL of 20 mg/mL tetracycline HCl in a 500mL centrifuge bottle. After shaking 200 rpm at 37 ๐C for 2 hours, the 100-mL
culture was added with 140 µL of 50 mg/mL kanamycin and shaken
overnight at 37 ๐C. The supernatant was separated from the overnight culture
by centrifugation at 4,500x g at 37 ๐C for 20 minutes. The phage solution was
precipitated and resuspended by following the method of library
transformation. The freshly prepared phage from the first round panning was
used for binding with immobilized antigen for the next rounds of panning.

8. Titer determination
The titer of infected bacteria was determined by diluting 2 µL of the
culture in 200 µL of 2xTY medium and various amount of the diluted culture
(1, 10 and 100 µL) was plated on LB agar plate supplemented with 100
µg/mL ampicillin. The plates were incubated at 37 ๐C overnight. Number of
colony forming units was used to calculate the titer.

55

9. Analysis of selected antibodies

9.1 Phage ELISA
The wells of microtiter plate (Costar EIA/RIA 96-well half area) were
coated with 25 µL of 60 ng AFB1-BSA in PBS and incubated at 4 ๐C
overnight. The wells were blocked with 150 µL of 3% BSA in PBS and
incubated at 37 ๐C for 2 hour. After removing the blocking reagent, the wells
was added with three-fold dilution of phage pools form several rounds of
panning and incubated at 37 ๐C for 1 hour. The wells were washed 10 times
with water and incubated with 50 µL of 1:2,500 dilution of HRP conjugated
mouse anti-M13 antibodies (Amersham, UK) in 3% BSA at 37 ๐C for 1 hour.
After 10 times washing with water, 50 µL of ABTS developing buffer were
added and incubated at room temperature for 30 minutes. The developed
color was measured at 405 nm by the microplate reader. 3% BSA coated well
was used as negative control. The experiment was performed in duplicate
fashion and reported absorbance as mean. The absorbance of positive sample
was at least two times higher than that of the negative control.
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9.2 Fab ELISA
Colonies of output titer plates from the rounds of panning that showed
positive signal in polyclone phage ELISA were selected and cultured onto
LB agar plate supplemented with 100 µg/mL ampicillin as stock master
plate. The master plate was incubated at 37 ๐C overnight and stored at 4 ๐C
for further study. Each colony was cultured in 2 mL of 2xTY medium
supplemented with 100 µg/mL ampicillin and incubated by shaking 200 rpm
at 37 ๐C until the OD600 is about 0.5. The culture was induced for the
production of Fab antibodies by adding 4 µL of 1 M IPTG (Fermentas,
USA). After shaking 200 rpm at 37 ๐C for another 15-24 hours, the
supernatant was removed from the induced culture for ELISA test by
centrifugation at 3,500x g at room temperature for 10 minutes.
The wells of microtiter plate (Costar EIA/RIA 96-well half area) were
coated with 25 µL of 60 ng AFB1-BSA in PBS and incubated at 4 ๐C
overnight. The wells were blocked with 150 µL of 3% BSA in PBS and
incubated at 37 ๐C for 2 hours. After removing the blocking reagent, the
wells were added with 1:2 diluted supernatant in 3% BSA and incubated at
37 ๐C for 1 hour. The wells were washed 10 times with water and incubated
with 50 µL of 1:2,000 dilution of rabbit anti-HA antibodies (ZYMED, USA)
in 3% BSA as primary antibody at 37 ๐C for 1 hour. The wells were washed
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10 times with water and incubated with 50 µL of 1:2,000 dilution of HRP
conjugated goat anti-rabbit antibodies (KPL, USA) in 3% BSA as secondary
antibody at 37 ๐C for 1 hour. After washing 10 times with water, the wells
were added with 50 µL of ABTS developing buffer and incubated at room
temperature for 30 min. The developed color was measured at 405 nm by
microplate reader. 3% BSA coated was used as negative control in this
experiment. The absorbance of positive sample was at least two times higher
than that of the negative control.

9.3 Test for the diversity of positive clones
The colonies that showed positive signal in Fab ELISA were analyzed
for diversity by AluI and BstNI restriction digestion. Colony PCR was
performed to amplify 1,500 base pairs of Fab gene using oligonucleotide
primers, ompseq: 5’ AAG ACA GCT ATC GCG ATT GCA G 3’ and gback:
5’ GCC CCC TTA TTA GCG TTT GCC ATC 3’. Briefly, each colony was
picked into a PCR tube and added a PCR master mix containing 2 µL of 10x
PCR buffer, 2 µL of 2.5 mM dNTP, 1.6 µL of 25 mM MgCl2, 20 pmole of
each primer, 0.25 µL of i-Taq™ DNA polymerase (5 units/µL) (iNtRON,
Korea) and nuclease-free water to a final volume of 20 µL per reaction. PCR
tube was placed into a Thermal cycler using following conditions:
94 ๐C for 5 minutes
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followed by 30 cycles of
94 ๐C for 15 seconds,
56 ๐C for 30 seconds,
72 ๐C for 2 minutes and continued 72 ๐C for 10 minutes.
8 µL of the PCR reaction was put into two microcentrifuge tubes, one tube
was added with BstNI master mix containing 2.4 µL of 10x NEBuffer 2
(Biolabs, UK), 0.24 µL of 10 mg/mL BSA solution, 2.5 units of BstNI
(Biolabs, UK) and nuclease-free water to a final volume of 16 µL per
reaction and incubated at 60 ๐C for 3 hours. Another tube was added with
AluI master mix containing 2.4 µL of 10x NEBuffer 2, 0.24 µL of 10 mg/mL
BSA solution, 2.5 units of AluI (Biolabs, UK) and nuclease-free water to a
final volume of 16 µL per reaction and incubated at 37 ๐C for 3 hours. 10 µL
of each digested reaction was loaded onto 3% agarose gel with a 100-base
pairs and 50-base pairs DNA ladder for references. DNA fragments were
separated at 75 volts for 1.5 hours using horizontal eletrophoresis apparatus.
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9.4 Sequence analysis of selected clone
Phagemid DNA from selected clones were extracted and purified from
overnight culture by using a commercially plasmid preparation kit. The
purify phagemid DNA was performed sequence analysis of the antibody
fragment with oligonucleotide primers,
VL ; ompseq : 5’ AAG ACA GCT ATC GCG ATT GCA G 3’ and
VH ; pelseq : 5’ ACC TAT TGC CTA CGG CAG CG 3’.

9.5 Detection limit of aflatoxin antibody
The wells of microtiter plate (Costar EIA/RIA 96-well half area) were
coated with 25 µL of the two-fold dilutions of AFB1-BSA (ranging for 64 0.03125 ng) in PBS and incubated overnight at 4 ๐C. Further steps were
performed as in Fab ELISA and 3% BSA coated was used as negative
control in this experiment. The experiment was performed in duplicate
fashion and reported absorbance as mean. The absorbance of positive sample
was at least two times higher than that of the negative control.
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9.6 Expression of antibody fragments without the gene III
2 µg of the phagemid DNA of selected clone was added with the
restriction endonuclease reaction containing 5 µL of 10x NEBuffer 2, 10
units of BsiWI (Biolabs, UK), and nuclease-free water to a final volume of
50 µL and incubated at 55 ๐C for 1 hour. The digestion reaction was added
with 0.5 µL of 10 mg/mL BSA solution and 10 units of NheI (Biolabs, UK)
and incubated at 37 ๐C for 1 hour. 5 units of mung bean nuclease (Gibco
BRL, USA) was added into the reaction and incubated at 37 ๐C for 1 hour.
The blunt end linearized phagemid DNA that without the gene III and HA
tag encoding fragment (about 4,200 base pairs) was purified by using 0.8%
agarose gel and Nucleospin® Extract II. 0.5 µg of the purified linearized
phagemid DNA was ligated by adding with the ligation reaction containing 2
µL of 10x T4 DNA ligase buffer, 2 units of T4 DNA ligase (1 unit/µL)
enzyme and nuclease-free water to a final volume of 20 µL and incubated
overnight at room temperature. 1 µL of the ligation reaction was transformed
into 50 µL of electrocompetent XL1-blue cells by following the
electroporation method of small-scale ligations test in method no. 1.6. The
selected clones from the plates were tested for antibody expression by Fab
ELISA method. Each sample was tested in triplicate. The absorbance of
positive sample was at least two times higher than that of the negative
control.

61

10. Production and purification of selected antibody

10.1 Protein analysis with Western blotting
24 hours after inducing with 2 mM of IPTG, the culture was spun at
14,000x g at 4 ๐C for 10 minutes. The supernatant was kept for SDS-PAGE
test. 100 µL of pellet was lysed with 500 µL of lysis buffer (0.06 M Tris-HCl
pH 6.8, 2% SDS, 10% glycerol and 5% 2-mercaptoethanol). The lysed cells
were sonicated at 40% output on ice for 10 seconds and the sonication step
was repeated three times. The insoluble material was removed by
centrifugation at 14,000x g at 4 ๐C for 10 minutes. The samples resolved on
12% T polyacrylamide gel at 90 volts were subjected to electro-transferred
by wet transfer technique onto a HybondTM-LFP membrane (Amersham, UK)
in 1x transfer buffer (1.5% (w/v) tris-base, 1.8% (w/v) glycine and 10% (v/v)
methanol). The process was carried out on ice for 90 minutes using constant
current at 400 mA. For fluorescence immuno-detection, the membrane was
blocked with 3% BSA in PBS at room temperature for 1 hour. The
membrane was incubated with mouse anti-histidine antibodies (Amersham,
UK) diluted in 1% BSA in PBST (PBS buffer contain 0.025% Tween20®) as
primary antibody. The membrane was washed 3 times with PBST for 5
minutes each and incubated in a dark room for 1 hour with Cy3 goat antimouse IgG antibodies (Amersham, UK) diluted in 1% BSA in PBST as
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secondary antibody. The membrane must be protected from light after this
step. The membrane was washed 5 times with PBST for 5 minutes each and
dried at 37 ๐C for 30 minutes. The fluorescence bands of histidine tag
proteins were detected by Ettan™ DIGE Imager (Amersham, UK).

10.2 Production of Fab antibody in XL1-blue
The single colony of selected clone that expressed histidine-tag
antibody from a freshly prepare streaked plate was picked into 3 mL 2xTY
medium supplemented with 100 µg/mL ampicillin and incubated at 37 ๐C
overnight. 1 mL of overnight XL1-blue preculture was diluted into 1 liter of
2xTY medium supplemented with 100 µg/mL ampicillin and shaken at 37 ๐C
for 8 hours. The culture was induced by adding 250 µL of 1M IPTG and
shaken at 37 ๐C for 24 hours. The expressed soluble Fab in supernatant was
separated from the induced culture by centrifugation at 7,500x g at 4 ๐C for
30 minutes and passed through a 0.2 µm filter into a sterile flask. The
supernatant was concentrated to 25-50 mL by 350-mL Stirred® ultrafiltration
cell (Amicon, USA) using 10 kDa-cutoff Diaflo® ultrafilter (Amicon, USA).
The concentrated supernatant was performed antibody purification.
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10.3 Antibody purification
10.3.1 Metal chelate chromatography, Ni2+ column
The soluble histidine-tag antibodies were purified from 10 mL
of the concentrated medium by FPLC Amersham® ÄKTA Explorer using 5mL HisTrap® FF crude column (Amersham, UK). The column that operated
with FPLC Amersham® ÄKTA Explorer was equilibrated with 10-20 column
volumes of binding buffer (20 mM imidazole in phosphate buffer pH 7.4).
The 10-mL of the concentrated medium supplemented with 20 mM
imidazole, pH 7.4 was slowly passed through the equilibrated column (0.5
mL/min) and the flow-through fractions were collected in microcentrifuge
tubes. The column was washed with 5 column volumes of binding buffer (20
mM imidazole in phosphate buffer pH 7.4) and the wash-out unbound
fractions were collected in microcentrifuge tubes. The immobilized proteins
were eluted with 10 column volumes of elution buffer (20-500 mM
imidazole in phosphate buffer pH 7.4) using linear gradient elution technique
and the eluted fractions were collected in microcentrifuge tubes. All fractions
were collected with 1.5 mL volume for future analysis. The eluted fractions
were checked for the presence of histidine-tag antibodies using rapid ELISA
method and the purity of positive ELISA fractions using silver staining
method. The purified positive fractions were combined to a sterile tube and
performed protein assay (MicroBCA™, Pierce).
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10.3.2 Affinity chromatography, protein G column
The soluble Fab antibodies were purified from 10 mL of the
concentrated medium using 1-mL HiTrap® Protein G HP column
(Amersham, UK). The column that operated with a syringe was equilibrated
with 10 column volumes of binding buffer (phosphate buffer pH 7.4). The
10-mL of the concentrated medium that adjusted pH approximate 7.4 was
slowly passed through the equilibrated column (0.5 mL/min) and the flowthrough fractions were collected in microcentrifuge tubes. The column was
washed with 10 column volumes of binding buffer (phosphate buffer pH 7.4)
and the wash-out unbound fractions were collected in microcentrifuge tubes.
The immobilized proteins were eluted with 15 column volumes of elution
buffer (0.1 M glycine-HCl pH 2.7) and the eluted fractions were collected in
microcentrifuge tubes containing 90 µL of 1 M Tris-HCl, pH 9.0. All
fractions were collected with 1 mL volume for future analysis. The eluted
fractions were checked for the presence of Fab antibody using rapid ELISA
method and the purity of positive ELISA fractions using silver staining
method. The purified positive fractions were combined to a sterile tubes and
performed protein assay using MicroBCA™ (Pierce, USA).
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10.4 Rapid ELISA method
Each wells of microtiter plate (Costar EIA/RIA 96-well half area)
were coated with 25 µL of 60 ng AFB1-BSA in PBS and incubated at 4 ๐C
overnight. The wells were blocked with 150 µL of 3% BSA in PBS and
incubated at 37 ๐C for 1 hour. After removing the blocking reagent, the wells
were added with 50 µL of 1:2 diluted of samples in 3% BSA and incubated
at 37 ๐C for 30 minutes. The wells were washed 3 times with water and
incubated with 50 µL of 1:2,500 dilution of HRP conjugated goat anti-human
IgG antibodies (KPL, USA) in 3% BSA at 37 ๐C for 30 minutes. After 3
times washing with water, 50 µL of ABTS developing buffer were added and
incubated at room temperature for 30 min. The developed color was
measured at 405 nm by microplate reader. The absorbance of positive sample
was at least two times higher than that of the negative control.
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10.5 Silver staining
The fractions from protein purifications were checked for purity using
Sterling® rapid silver stain kit (National diagnostics, UK) on SDS-PAGE.
Each sample was mixed with sample buffer (0.06 M Tris-HCl pH 6.8, 2%
SDS, 10% glycerol, 0.025% bromphenol blue and 5% 2-mercaptoethanol)
and resolved on 12% T polyacrylamide gel at 90 volts. The gel was fixed
with 100 mL standard mixture (5: 5: 1; methanol: water: acetic acid) at room
temperature for 25 minutes and fixed again with 100 mL fixative solution (45
mL water, 50 mL methanol and 5 mL of Sterling® fixative concentrate) for 5
minutes. The gel was washed twice for 15 minutes with deionized water
supplemented with 0.1% Tween20® and immersed in freshly prepare
combined staining solution (50 mL of 1:2 diluted Reagent A in water and 50
mL of dissolved 2.8 g Reagent B in water). The protein bands will begin to
appear in 5-10 minutes. When desired intensity is achieved, the reaction was
stopped by immersing the gel in a 5% acetic acid solution.
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10.6 Protein assay by MicroBCA
The assay was performed by MicroBCA™ assay kit (Pierce, USA).
Bovine serum albumin (BSA) standard solution (2 mg/mL) was diluted with
water to 100, 200, 400, 600, 800 and 1000 ng/µL. 10 µL of each standard
dilutions and protein samples were dropped into a flat-bottom well microtiter
plate (NUNC, Denmark) containing 40 µL of water in triplicate. At least two
dilutions of samples were included to ensure the sample is in the range of
standard curve. The working reagent was prepared by mixing 25 parts of
reagent A, 24 parts of reagent B and 1 parts of reagent C. 50 µL of the
working solution was added to each well and the plate was sealed by saran
wrap and incubated at 60 ๐C for 30 minutes in a hybridization oven. Plate
was cooled down at room temperature for 15 minutes and measured at 562
nm by microplate reader. Each standard and sample was tested in triplicate
for individual experiment.
The quantity of samples was determined according to the equation that
obtained from the slope of standard curve. The standard curve was plotted as
absorbance vs. amount of standard proteins using Microsoft office Excel
version 2003.
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11. Affinity measurement
The affinity of purified antibody solution was determined by
competitive ELISA. 50 µL of antibody-antigen reactions containing levels of
aflatoxin antibody (2.0, 5.0, 10.0 or 20.0 nM) which were pre-incubated with
various concentrations of AFB1-BSA (0.0, 0.3, 0.6, 1.5, 3.0, 6.0, 15, 30, 60,
150, 300, 600, 1,500, 3,000, 6,000 nM) at room temperature for 30 minutes.
The wells of microtiter plate (Costar EIA/RIA 96-well half area) were
coated with 25 µL of 60 ng AFB1-BSA in PBS and incubated overnight at
4 ๐C. The wells were blocked with 150 µL of 3% BSA in PBS and incubated
at 37 ๐C for 2 hours. After removing the blocking reagent, the wells were
incubated with 15 µL of 10% BSA and 45 µL of antibody-antigen reaction at
37 ๐C for 30 minutes. The wells were washed 3 times with PBS buffer
supplemented with 0.05% Tween20® and incubated 50 µL of 1:2,500
dilution of HRP conjugated goat anti-human IgG antibodies in 3% BSA for
30 minutes at 37 ๐C. After 3 times washing with PBS buffer supplemented
with 0.05% Tween20®, 50 µL of one step slow TMB substrate (Pierce, USA)
were added and incubated in a dark room for 30 min at room temperature.
The color developing of the TMB substrate was stopped with 50 µL of 1 M
H2SO4. The color was measured at 450 nm by microplate reader. Each
sample was tested in triplicate for individual experiment. The experiment
was repeated at least three times.
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The Kd value determined from estimating the amount of free antigen
remaining in solution. Dissociation constant (Kd, M) and association
constant (Ka, M-1) of antigen-antibody complexes was determined according
to the equation (Tu, Ma, Ho, Chen, & Chang, 2006):
A0 / A0-A = 1+Kd / a0
Where A0 and A, absorbance of total antibody incubated in the
absence and presence of a given concentration of antigen, respectively; a0 ,
total concentration of antigen in antigen-antibody mixture; Ka, the inverse
value of Kd.
The Kd and Ka value can be deduced from slope of the plotting of the
inverse value of the bound antibody (A0 / A0-A) against the inverse value of
total antigen (1/a0). The slope was performed using Microsoft office Excel
version 2003.
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12. Cross-reactivity of antibody fragment
Cross-reactivity of aflatoxin antibody to unconjugated aflatoxins
(competitors), aflatoxin B1, B2, G1 and G2 were determined by competitive
ELISA method. 50 µL of antibody-antigen reactions contained 5 nM of
purified aflatoxin antibody which were pre-incubated with various
concentrations of each type of unconjugated aflatoxins (0, 0.6, 1.5, 3, 6, 15,
30, 60, 150, 300, 600, 1,500, 3,000 and 6,000 nM) at room temperature for
30 minutes.
The antibody-antigen reactions were determined the free antibodies by
following the ELISA method of affinity measurement. 3% BSA coated that
binding with 3% BSA was used as blank in this experiment. Each sample
was tested in triplicate for individual experiment. The experiment was
repeated at least three times.
% Inhibition and % cross-reactivity were determined according to the
equation (Devi et al., 1999):

% inhibition = 100- (OD.sample-OD.blank) x 100
(OD.control-OD.blank)

% cross-reactivity =

50% inhibitory concentration of aflatoxin B1
50% inhibitory concentration of competitors

x 100.
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Where OD.control and OD.sample, absorbance of total antibody
incubated in the absence and presence of a given concentration of antigen,
respectively.

CHAPTER III
RESULTS

1. Immunization and titering of immune serum
Three mice from National Laboratory Animal Centre, Mahidol
University, were immunized with AFB1-BSA. After completing the
immunization schedules (day 51), the serum was collected from the
immunized mice and the titer was determined with HRP conjugated goat
anti-mouse IgG antibodies by ELISA method. All mice produced immune
response against the aflatoxin B1 with the antibody titer equals to 1: 405,000
(Fig. 9).
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Fig. 9. Polyclonal antibody titer of immunized mice in titering immune
serum ELISA method. 3% BSA in PBS was used as negative control (blank)
by binding with the immobilized antigen. Results showed here were plotted
as the mean absorbance at each dilution of collected serum. Bar; SD.
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2. Isolation of total RNA
The spleen and bone marrow were collected from all immunized mice.
Each spleen was homogenized in 3 mL of Trizol® reagent. 3 mL of each
homogenized sample was combined into a 15-mL tube and 2 mL of the mix
sample was performed the total RNA isolation. The bone marrows of three
immunized mice were homogenized in 3 mL of Trizol® reagent and
performed the total RNA isolation. The RNA concentration were measured
spectrophotometrically at wavelength 260 nm (1 OD. of RNA solution = 40
µg/mL) and the measurements were performed in a triplicate fashion. The
total RNA of spleen and bone marrow were 1.47 mg (7.4 µg/µL) and 0.022
mg (1.1 µg/µL), respectively.

3. Generation of chimeric mouse/human Fab library
The cDNA was synthesized from 5 µg of total spleen RNA by
oligo(dT) primer with SuperScript®II reverse transcriptase. The chimeric
mouse/human Fab antibody consisting of mouse VL, mouse VH, human CL
and human CH were constructed by two overlap extension PCR amplification
steps (3 rounds of PCR) using designed primer mix (Fig. 8).
In the first round PCR, the mouse kappa light-chain variable regions
(Vκ) and the mouse heavy-chain variable regions (VH) were amplified from
the synthesized cDNA. The PCR fragments were resolved on 1.5% agarose
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gel (Fig. 10). The target bands, approximately 350 base pairs for variable
regions, were cut and eluted from the gel using Nucleospin® Extract II gel
extraction kit. The purified PCR products from ten reactions of Vκ and VH
amplification were 6.1 and 5.2 µg, respectively. pComb3XTT vector was
used as a template for human kappa light-chain constant regions (Cκ) and
human heavy-chain constant regions (CH) amplification. The target bands,
approximately 400 base pairs for Cκ - pel B and 350 base pairs for CH were
cut and eluted from the resolved 1.5% agarose gel (Fig. 10). The purified
PCR products from ten reactions of Cκ and CH amplification were 20 and 4.8
µg, respectively. 1 µg of each purified PCR products were used as a template
for the next round PCR.
The chimeric light chain (Vκ - Cκ) and heavy chain fragments (VH CH) were generated from the first round PCR products, the 1st step overlap
extension. The PCR fragments were resolved on 1% agarose gel (Fig. 10)
and the target bands, approximately 750 base pairs for light chain and 800
base pairs for heavy chain, were cut and eluted from the gel. The purified
PCR products from ten reactions of chimeric light chain and chimeric heavy
chain amplification were 18.5 and 21.8 µg, respectively. Finally, the
chimeric mouse/human Fab fragments were generated from the purified
second round PCR products, the 2nd step overlap extension. The product was
resolved on 1% agarose gel (Fig. 10) and the band that approximately 1,500
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base pairs was cut and eluted from the gel. The purified PCR product from
ten reactions pools was 22.4 µg.
The chimeric mouse/human Fab fragments were cloned by a
symmetric directional SfiI ligation into pComb3XSS (Fig. 11). The
approximate 1,500 base pairs of Fab fragments, the 3,300 base pairs of
pComb3X vector and the 1,600 base pairs of stuffer fragments (Fig. 12) from
digested reactions were purified by gel electrophoresis and ligated in smallscale for checking the efficiency of digestion and ligation. 1.6 X 107 CFU/µg
of vector DNA was calculated from the colonies on the vector plus Fab insert
plate, which exceed the recommended 1 X 107 CFU/µg of vector DNA. The
digested vector had efficiencies with 2.86 X 106 CFU/µg of vector DNA
(calculated colonies from control ligation 1 plate) and the number of uncut
vector had less than 5% (calculated colonies from control ligation 2 plate).
The digested products were scaled up for library ligation.
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Fig. 10. Electrophoresis gel analysis of overlap extension PCR products. The
DNA fragments were visualized by ethidium bromide staining. In the first
round PCR, the size of target bands is approximately 350-400 base pairs (A,
B, C). In the second round PCR, the size of target bands is approximately
750-800 base pairs (D). In the third round PCR, the size of target band is
approximately 1,500 base pairs (E). Vκ: variable region of kappa light chain;
VH: variable region of heavy chain; Cκ: constant region of kappa light chain;
CH: constant region of heavy chain.
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SfiI

SfiI

Fig. 11. A schematic of phage displayed Fab antibody vector pComb3XSS
construction.
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Digested
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Digested Fab
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Fig. 12. Electrophoresis gel analysis of digestion products for the library
ligation. The DNA fragments were visualized by ethidium bromide staining.
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4. Library transformation
After the library transformation, the output titer was used for
calculating the library size. The antibody library consisted of approximately
2.4 x 109 independently transformed clones. Thus the library size is relatively
large and is appropriated for panning.

5. Selection of antibody library (Panning)
Chimeric mouse/human Fab antibodies expressed on the bacteriophage
were used to enrich and select for antibodies that bind aflatoxin B1. In the
first round of selection, 100 ng of AFB1-BSA was coated onto each well and
60 ng of AFB1-BSA was used in the subsequent rounds. After four rounds of
panning, the output titer decreased subsequently from round 1 to round 3 and
the output titer of round 4 increased more than 40 folds from round 3 (Table
6). The result indicated that the clones specific to aflatoxin B1 were enriched
from the libraries by in vitro selection.
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Table 6. The panning titers.
Input

Output

(x1010 CFU)

(x104 CFU)

Library reamplify

1.8

15,000

1

300

59.2

2

80

5.6

3

38

0.8

4

56

32

Round

6. Analysis of selected antibodies
6.1 Phage ELISA
The phage pools from several rounds were confirmed for the presence
of phage particles that bind aflatoxin B1 by phage ELISA method using
mouse anti-M13 antibodies conjugated to HRP for detection. Phage pools of
round 3 and 4 showed positive signal. The 0.5 OD values of round 4 is about
5 folds higher than that of control (Fig. 13). The results indicated that the
target antibodies were selected from the immune library with 3 rounds of
panning and enriched on round 4.
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Fig. 13. Phage pools analysis using phage ELISA. The phage pools
displaying aflatoxin antibodies were detected with HRP conjugated mouse
anti-M13 antibodies. 3% BSA was used as a negative control in this
experiment.
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6.2 Fab ELISA
The clones from the output titer plate of round 4 were screened for the
positive clones, that expressed antibody specific to aflatoxin B1 by Fab
ELISA method using rabbit anti-HA antibodies for detection. Twenty one
individual clones showed positive signal from 34 picked clones.

6.3 Test diversity of positive clones
Twenty one plasmids from selected clones were extracted, subjected to
PCR and digested by AluI (AG/CT) or BstNI (CC/WGG) restriction
enzymes. The digested fragments were separated in 3% agarose gel. All
selected clones showed the same AluI, BstNI fingerprinting pattern (Fig.
14b). The variations in AluI and BstNI restriction site patterns due to DNA
sequence differences was used due to the quick and inexpensive analysis of a
relative by large number of antibody fragment clones for diversity
determination (Barbas III, Burton, Scott, & Silverman, 2001). The result
indicated that all clones may contain the same nucleotide sequences.

6.4 Sequence analysis of selected clone
The one clone was selected for sequence analysis. DNA sequences of
variable regions were performed V-J and V-D-J rearrangement analysis
using IMGT/V-QUEST program (Giudicelli, Chaume, & Lefranc, 2004) and
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revealed that the antibody contained IGHV6-6, IGHJ3, IGHD3-1 for V, J, D
genes of murine VH region and IGKV8-18, IGKJ2 for V, J genes of murine
VL region. IMGT/V-QUEST is freely available at http://imgt.cines.fr.

B

A

Marker PCR product digestion Marker
100bp
50bp
AluI
BstNI

Marker
1 kb

766
500
400
3.0
2.0
1.65

1.0

300

PCR
product
of
positive
clones

300

200
150
100

50

Fig. 14. Electrophoresis gel analysis for diversity test of the positive clones
(A) PCR fragment of Fab encoding inserts. (B) DNA fingerprinting pattern
of selected clone. The DNA fragments were visualized by ethidium bromide
staining.
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6.5 Detection limit of aflatoxin antibody
The Fab antibody releasing in culture medium was tested for the limit
of antigen detection by ELISA using rabbit anti-HA antibodies for detection.
The expressed antibodies can detect AFB1-BSA as low as 2 ng which is
corresponded to 4 ppb of aflatoxin B1 (Fig. 15), since AFB1-BSA had
conjugation molar ratio of 10.

Absorbance 405 nm

1.000
0.800

0.600
0.400

0.200
0.000
0.01

0.1

1

10

100

Coated antigen (ng)

Fig. 15. Detection limit of Fab antibody. The detection limit of the expressed
antibody was determined by ELISA using various amount of coated AFB1BSA. The arrow indicates the detection limit.
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6.6 Expression of antibody fragments without gene III fragment
The phagemid was extracted from the selected clone and digested with
BsiWI and NheI restriction enzyme. The approximately 4,200 base pairs of
blunt-ending deleted phagemide fragments (Fig. 16a) from digestion
reactions were purified by gel electrophoresis and re-ligated using T4 DNA
ligase enzyme. The approximately 600 base pairs of gene III encoding and
HA tagging fragments were excised. After transformation, the clones were
verified by restriction digestion mapping using SacI and SpeI. The clone that
showed the correct fragments pattern of approximately 2,800 and 1,450 base
pairs (Fig. 16b) was used to express antibody fragments without the gene III
by Fab ELISA using goat anti-human IgG antibodies conjugated to HRP for
detection. Both original clone and gene III deleted clone showed high affinity
binding to aflatoxin B1-BSA.
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Fig. 16. Electrophoresis gel analysis of digested phagemid for gene III
deletion. (A) The BsiWI, NheI digested fragments of original phagemid for
deleted gene III and (B) the SacI, SpeI digested fragments of the selected
clone to confirm the construct using restriction digestion. The DNA
fragments were visualized by ethidium bromide staining.
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7. Production and purification of selected antibody
Expressing the histidine tagging antibody protein of the selected clone
was used for the protein production and purification.

7.1 Protein analysis with Western blotting
The pellet and the supernatant of the selected clone which induced
with IPTG, were used for Fab protein analysis. The cell pellet was lysed with
lysis buffer and the soluble protein as lysate was colleted for western
blotting. The supernatant was 10 times concentrated using Centricon®
centrifugal filter units (millipore, USA), YM10 membrane (cut off 10 kDa)
for western blotting. The disulfide bond of the Fab antibody protein was
reduced by 2-mercaptoethanol thus light chain and heavy chain were
visualized with approximate 29 kDa size. Several bands were found in lysate
lane but single band is found in supernatant sample (Fig. 17). Thus, the
supernatant was chosen for the further protein purification.

7.2 Production of Fab antibody in XL1blue
In large scale antibody production, 0.25 mM IPTG was added. The
reduced IPTG amount can induce antibody expression equal to 2 mM
condition. The supernatant was collected at 24 hours after induction.
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Fig. 17. Fab protein analysis with western blotting. The 29 kDa bands of
antibody protein on SDS-PAGE gel were detected with mouse anti-histidine
antibody and visualized by fluorescence scanning using Cy3 goat anti-mouse
IgG antibody.
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7.3 Antibody purification
The supernatant was concentrated using Stirred® ultrafiltration cells,
YM10 membrane (cut off 10 kDa) for purification.

7.3.1 Metal chelate chromatography, Ni2+ column
10 mL of 37x supernatant was slowly loaded onto the
equilibrated Histrap® column. The histidine tagging protein was eluted with
linear gradient of imidazole concentration. The activity of antibody in each
fraction was determined by rapid ELISA method. The aflatoxin antibodies
were found in fractions between 275 – 500 mM imidazole elution (Fig. 18).
The purifying profile from UNICORN® program showed that there is no
UV280 peak in eluted fractions (Fig. 20). The purity of selected fractions was
checked by silver staining. The result revealed that pure antibody fractions
were found in fractions between 400-500 mM imidazole elution (Fig. 19).
The fractions pool was 20 times concentrated by Microcon® centrifugal filter
units (Millipore, USA), YM10 membrane (cut off 10 kDa) for protein assay,
MicroBCA™. The antibody was further purified using 5-mL HisTrap® FF
crude column with about 20% recovery.
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Fig. 18. The ELISA activity of eluted fractions from several concentrations
of imidazole elution buffer. The activity of eluted fractions in metal chelate
chromatography were determined by rapid ELISA using HRP conjugated
goat anti-human IgG antibody for detection.
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Fig. 19. SDS-PAGE of purified fractions of metal chelate chromatography
was detected with silver staining. (A) Purity examination of all fractions,
lane1: MW marker, 2: flow-through fractions, 3: unbound washing fraction,
4-9: eluted fractions at several concentrations of imidazole. (B) Positive
fractions pool, after checking the purity. The arrows indicate the band of
antibody protein. (IMZ; imidazole)
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Fig. 20. Chromatographic profile of Fab antibody purification using
Ni2+column. The antibodies elution profile was analyzed using UNICORN®
program (Amersham, UK) that supplied with ÄKTA Explorer FPLC system.
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7.3.2 Affinity chromatography, protein G column
10 mL of 24x supernatant was loaded onto the equilibrated
HiTrap® protein G column. The Fab protein was eluted with 0.1 M glycineHCl, pH 2.7. The fraction samples were determined for the antibody activity
by rapid ELISA method. The activity of aflatoxin antibodies were detected in
the elution fractions. The purity of fractions was checked by silver staining.
The result revealed the purity of eluted fractions that appropriated for
fraction pools (Fig. 21). The concentration of positive fractions pool was
measured using standard curve of purified antibody. For 1-mL HiTrap®
protein G column, approximately 30% of antibodies can be recovered.
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unbound washing fraction, 6-8: flowthrough fractions (B) lane1: MW
marker, 2-8: subsequent eluted fractions.
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8. Affinity determination
Purified antibody at various amounts was incubated with free AFB1BSA at various concentrations to reach equilibrium. The free AFB1-BSA in
equilibrium mixture was determined by competitive ELISA. The absorbance
decreased with the increasing level of AFB1-BSA in mixture (Fig. 22). The
absorbance in the presence of high amount (1,500 nM) of free AFB1-BSA in
mixture minimized to about 0.01-0.1 revealing that the binding of antibody
to coated antigen was almost completely inhibited (Fig. 22). The Kd value of
antigen-antibody equilibrium was determined by competitive ELISA to
estimate the amount of free antigen remaining in solution.
Dissociation constant (Kd, M) and association constant (Ka, M-1) of
antigen-antibody complexes was determined according to the equation (Tu,
Ma, Ho, Chen, & Chang, 2006): A0 / A0-A = 1+Kd / a0; where A0 and A,
absorbance of total antibody incubated in the absence and presence of a
given concentration of antigen, respectively; a0, total concentration of
antigen in antigen-antibody mixture; Ka, the inverse value of Kd.
The Kd and Ka can be deduced from slope of the plotting of the
inverse of the bound antibody (A0 / A0-A) against the inverse of total antigen
(1/a0) (Fig. 23). The average Kd and Ka of purified antibody (except 20 nM)
were 4.59 x 10-8 M and 0.042 x 10-8 M-1, respectively (Table 7).
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Fig. 22. Liquid phase equilibrium affinity measurements between AFB1BSA and aflatoxin antibody in solution by the competitive ELISA method.
Results showed here were plotted as the mean absorbance vs. concentration
of AFB1-BSA. Bar; SD.
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Fig. 23. Klotz plots of the binding of AFB1-BSA to aflatoxin antibody
measured by the competitive ELISA. Results showed here were plotted as
the bound antibody fraction (A0 / A0-A) vs. the inverse value of total antigen
concentration in each reaction mixture (1/a0). Bar; SD.
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Table 7. Dissociation constants (Kd) and affinity constants (Ka) of AFB1BSA against aflatoxin antibody as determined by competitive ELISA.
Concentration of aflatoxin antibody
Kd (x 10-8 M)

Ka (x 108 M-1)

2.0

17.39 + 9.51

0.073 + 0.039

5.0

25.60 + 9.37

0.042 + 0.014

10.0

81.77 + 11.09

0.012 + 0.002

Average

41.59

0.042

(nM)
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9. Cross-reactivity of antibody fragment
The aflatoxin antibody was demonstrated for cross-reactivity to
unconjugated aflatoxins, aflatoxin B1, B2, G1 and G2 using competitive
ELISA. The percent inhibition was determined according to the equation: %
inhibition = 100 - [((OD.sample-OD.blank)/(OD.control-OD.blank)) x 100].
The 100 nM concentration of all competitors showed 100% inhibiton (Fig.
24). The percent cross-reactivity was expressed as 50% inhibitory
concentration of aflatoxin B1 divided by the 50% inhibitory concentration of
other aflatoxin and multiplied by 100. Aflatoxin antibody showed crossreactivity with aflatoxin B1, B2, G1 and G2 (as showed in Table 8). It is
highly specific for aflatoxin B1 and equal specific for aflatoxin B2, G1 and
G2.
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Fig. 24. Percent Inhibition of aflatoxin antibody was calculated from ELISA
value of competitive ELISA. Results showed here were plotted as the mean
percent inhibition vs. concentration of unconjugate aflatoxins. Bar; SD.
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Table 8. Cross-reactivity of aflatoxin antibody to unconjugated aflatoxins.
Cross-reactivity (%)
Aflatoxin B1

Aflatoxin B2

Aflatoxin G1

Aflatoxin G2

100

54

57

40

CHAPTER IV
DISCUSSIONS

In the past 15 years, phage display technology has been developed to
solve diverse range of research problems. In previous study, many
monoclonal antibodies were selected from immune library by phage display
such as scFv antibody against Eimeria tenella sporozoites (Abi-Ghanem,
Waghela, Caldwell, Danforth, & Berghman, 2008), human/mouse crossreactive anti-VEGF receptor 2 recombinant antibodies (Popkov, Jendreyko et
al., 2004) and chimeric rabbit/human Fab specific for human prostate cancer
(Popkov, Rader, & Barbas, 2004). In this study, phage display is successfully
used for selection of aflatoxin antibody from immunized chimeric
mouse/human Fab antibody phage library and our study is the first selection
of Fab monoclonal antibody specific to aflatoxin B1.
The aflatoxin Fab antibody library was generated from immunized
mice. The library was constructed in Fab fragment format because of its
stability. The affinity of Fab antibody is also higher that of scFv with fixed
conformation (Barbas III et al., 2001; Quintero-Hernández et al., 2007). The
kappa chain was chosen for variable region generation because it is the
dominant form of light chain in mice (Whitcomb & Brodeur, 1998). The in
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vitro recombinant antibody construction provides opportunity for chain
shuffling which is never occurred in nature, providing diversified antibody
clones. This feature provides greater advantage over hybridoma technology.
Barbas III and colleagues recommended that the library size should be at
least 5 x 107, ideally 108 total transformations (Barbas III et al., 2001). The
large library indicates high diversity which enhances the probability of
successful selection. Hofer and colleagues succeeded in selection for the
target antibody from the generated library, 5 x 107 CFU (Hofer et al., 2007).
In this study, antibody library consisted of approximately 2.39 x 109
independently transformed clones that are relatively large in size. The high
quality of digested Fab fragments and the high competency of XL1Blue
competent cells are keys to the large library size.
Appropriate doses and immunization schedule are keys of success to
create an efficiency immune library. In the present study, the dose of
immungen is 50 µg AFB1-BSA that lead to the high titer of aflatoxin
polyclonal antibody, 1:405,000. Devi and colleagues have immunized mice
with 250 µg AFB1-BSA by the similar schedule and the serum of mice
showed poor antibody response (titer 1:500). This may be due to the
overdose of immunogen which may lead to immune tolerance (Devi et al.,
1999). Aflatoxin B1 is a low molecular weight hapten that it is nonimmunogenic in animals. For immunization, haptens are often conjugated to
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another carrier molecule, such as bovine serum albumin (BSA). AFB1-BSA,
conjugate ratio 1:10 at residues including C1 of aflatoxin B1 molecules, was
used as immunogen to immunization.
The target antibody can be selected from the generated antibody
library using panning method, which is a high throughput selection and
exponentially amplify the target clones. The washing step can be adjusted for
appropriate selection. However, the invigorous washing leads to high
background that may trouble in screening process for positive clones.
Lowering the coated antigen in the subsequent round of panning may also
reduce background clones and provide more chance to select high affinity
clones.
After four rounds of panning, twenty one clones expressing the
aflatoxin antibody were selected from thirty four output clones by positive
signal ELISA. In previous studies, AluI (AG/CT) or BstNI (CC/WGG)
restriction digestion was used for DNA fingerprint analysis (Ehtesham,
Bentur, & Bennett, 1995; Hofer et al., 2007; Matsumoto et al., 2008; Popkov,
Jendreyko et al., 2004). These were used for nucleotide diversity test due to
short recognized sequence (4-5 base pairs) which provide more diversity of
DNA sequences. All selected clones showed the same pattern of AluI and
BstNI restriction digestion. The result revealed that one kind of clone was
selected. This may be due to the vigorous washing and the characterization of

105

immune library containing only high affinity antibody. Other low affinity
clones may be selected when decreasing washing and panning conditions
adjustment. Moghaddam and colleagues have been described the selection of
specific scFv antibody to aflatoxin B1 from naïve recombinant antibody
library (Moghaddam et al., 2001). This library provided the low affinity
clone with several rounds of panning because it is comprised of diverse
affinity antibodies which differs from immune library.
Analysis of CDRs of variable regions revealed that it contains the
positive charge amino acids including lysine (K), arginine (R) and histidine
(H), and the hydrophobic amino acids including, glycine (G), leucine (L),
tryptophan (W) and valine (V). The result indicated that the antibody may
bind to aflatoxins at oxygen residues with hydrogen bonds and hydrophobic
interaction.
The detection limit of selected antibody was 4 ppb. In this experiment,
ABTS was used as a substrate for HRP enzyme. The higher sensitive TMB
substrate or the fluorescent-linked antibody can give a better detection if
greater sensitivity is required.
The selected phagemid expressing Fab antibody is modified by gene
III fragment and HA tag deletion for further purification of Fab and smaller
size of construct. The steric hindrance of gene III and HA tag may affect the
purification process in metal chelate chromatography. From the purifying
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profile of metal chelate chromatography, ELISA positive fractions did not
showed UV 280 nm peak. This result reflected that the yield of the purified
proteins is rather low. This may be due to the low expression of antibodies in
supernatant of the culture medium. Generally, Fab protein was excreted to
periplasmic space with signal sequences (ompA and pelB) to promotes the
disulfide bond formation in oxidative stress conditions and be released to the
outside of host cell at a few amounts (Barbas III et al., 2001). The Fab
antibody purification from periplasmic space may be difficult because it
contains more impurity proteins. The secreted antibodies in supernatant were
used for purification in this experiment. However, improved yield may be
obtained when the periplasmic preparation is improved in the purification
process.
On the other hand, the protein G column was also used to purify the
Fab fragment. The protein G binds to the constant region of various
mammalian heavy chains. The flow-through fractions showed very low
signal in ELISA method revealing that the Fab antibody binds efficiently
with protein G. The bound antibody was eluted with acidic buffer (pH 2).
The percent recovery of the protein G column is better than the Ni2+ column.
High purity antibodies can be obtained by this purification method
suggesting that the protein G affinity chromatography is appropriate for Fab
antibody purification. The protein G can hold Fab antibody better than the

107

Ni2+ because it recognizes large region of Fab whereas Ni2+ may catches
small tag on protein. In the further study, the periplasmic space preparation
may use as a source for protein G column purification to increase the
recovery yield.
In the previous studies, Zhuang, Loomans and Tu used the competitive
ELISA for determined the affinity constant of antibody (Loomans, Gribnau,
Bloemers, & Schielen, 1998; Tu et al., 2006; Zhuang, Katakura, Omasa,
Kishimoto, & Suga, 2001). Loomans and colleagues have showed that the
competitive indirect ELISA can be used to determine the affinity of antibody
(Loomans et al., 1998). Zhuang and colleagues have reported that the
parameters, Kd of soluble scFv against bovine pancreatic ribonuclease A was
about 4 x 10-8 M by competitive ELISA method, which is similar to those
determined by surface plasmon resonance (SPR) method (Zhuang et al.,
2001). Obviously, the low concentration of purified antibody (2.0 nM) was
appropriate for the present study. The slope of the plotting of the inverse
value of the bound antibody (A0 / A0-A) versus the inverse value of total
antigen (1/a0) of high concentration of purified antibody (20.0 nM) was
higher than the other concentration that it was excluded for calculating Kd
and Ka constants. The concentration of required antibody in mixture should
be lower or close to the Kd value (10-9M) (Friguet, Chaffotte, DjavadiOhaniance, & Goldberg, 1985).
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Devi and colleagues have demonstrated the cross-reactivity to
unconjugated aflatoxins, aflatoxin B1, B2, G1 and G2 of aflatoxin antibody
using competitive ELISA method (Devi et al., 1999). In this study, selected
antibody showed high cross-reactivity to aflatoxin B1 and equal crossreactivity to aflatoxin B2, G1 and G2. The antibody may bind to aflatoxin at
oxygen residue in lactone ring which is found in all four aflatoxins. The
antibody may not be able to bind aflatoxin M1 and M2 because it was
hydroxylated at C8 position (Fig. 1) that change of structure and effect to
reduce the affinity. Further studies are required to address this question.
Application of ELISA method in the surveillance of aflatoxins has
become more widespread because of its sensitivity, rapidity and costeffectiveness. A direct competitive ELISA has been developed and optimized
for detection of aflatoxin B1 and an ELISA test kits have been designed
(Kolosova, Shim, Yang, Eremin, & Chung, 2006). Veratox® for Aflatoxin
(Neogen, USA) is a commercial test kit based on the direct competitive
ELISA. The selected antibody can be potentially developed as an ELISA
test kits for detection of aflatoxins contamination. Advantages of antibody
from phage display are low cost of large-scale production, rapid, detecting
total aflatoxins and stability in each lot of production. The quality and
stability of antibody are important aspects of performance of immunoassay.
In the further study, the stability of selected antibody will be testing and the
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selected antibody will be using as a coating antibody in comparison with
commercial test kit by direct competitive ELISA.

CHAPTER V
CONCLUSIONS

The immunized mice can produce the high titer of polyclonal antibody
against the aflatoxin B1, 1: 405,000, by optimized schedule. The cDNA from
immune organs of immunized mice and pComb3XTT vector were used as
template for mouse variable regions and human constant regions
amplification, respectively. The chimeric mouse/human Fab antibody library
was generated using overlap extension PCR. The library has high efficiency
for selection of target antibody with large size, 2.39 x 109 CFU. After four
rounds of panning, phage pools of round 3 and 4 showed positive signal in
ELISA method. The positive clones from the output of round 4 panning were
decided by antibody fragment-expressing clones ELISA. Twenty one clones
from 34 output clones, that producing high affinity antibody specific to
aflatoxin B1, were selected. All selected clones showed the same AluI and
BstNI fingerprinting pattern in diversity test indicating that these may hold
the same nucleotide sequence. The one selected clone was performed
sequence analysis. DNA sequences of variable regions revealed that the
antibody contained IGHV6-6, IGHJ3, IGHD3-1 for V, J, D genes of murine
VH region and IGKV8-18, IGKJ2 for V, J genes of murine VL region using
110
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IMGT/V-QUEST program analysis. The majority of amino acids in CDR
regions is positive charge and hydrophobicity.
Expressed antibody can detect aflatoxin B1-BSA as low as 2 ng,
which is corresponded to 4 ppb of aflatoxin B1. Selected clone was used to
express of antibody fragments without the gene III. Both original clone and
gene III deleted clone showed high binding affinity to aflatoxin B1-BSA.
Metal chelate chromatography and Protein G affinity chromatography are
able to purify the expressed antibodies. The affinity of purified antibody was
determined by competitive ELISA. The average Kd value and Ka value were
4.59 x 10-8 M and 0.042 x 10-8 M-1, respectively. In competitive ELISA
method, the antibody was able to bind all unconjugated aflatoxins (B1, B2,
G1 and G2). Percent cross-reactivity of aflatoxin B1, B2, G1 and G2 were
100, 54, 57 and 40, respectively. This study is the first time report that Fab
antibody from phage display can bind to aflatoxin B1.
Problem of aflatoxins contamination in food products was solved by
screening the products with suitable analysis. The ELISA is one of
appropriated method for aflatoxin determination. The advantages of this
method are sensitivity, specificity, simplicity, rapidity, cost-effectiveness and
portable for using in the field. The antibody is important requirement for
ELISA method. The selected antibody from phage display technique can be
potentially developed as detection of total aflatoxins ELISA test kit. In the
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future study, the generated ELISA test kit was developed by various factor of
selected antibody adjustment including stability, affinity and detection limit.
The developed test kit is potent aflatoxin contamination screening in foods
and animal feeds products that help to preventing the contaminated foods
consumption and decreasing the economic loss.
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APPENDIX

ABTS developing substrate
17 µL of 60x ABTS (dissolve 5 mg of ABTS in 367 µL of ddH2O)
100 µL of 10x citrate buffer
1.7 µL of H2O2
1 mL total volume with ddH2O.

LB agar plates
Dissolve 10 g of tryptone, 5 g of yeast extract, 10 g of NaCl and 12 g
of Bacto agar in 1 liter of water. Adjust to pH 7.4 with 10 M NaOH, and
sterilize by autoclaving 20 minutes at 121 ๐C. When cooled to 42-45 ๐C, add
appropriate antibiotics. Pour into Petri dished and allow solidifying. Store at
4 ๐C.

LB top agar
Dissolve 1 g of tryptone, 0.5 g of yeast extract, 1 g of NaCl and 0.7 g
of Bacto agar in 100 mL of water. Autoclave at 121 ๐C for 20 minutes and
store at 4 ๐C. Melt in a microwave before use.
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10x PBS buffer
Dissolve 21.7 g of Na2HPO4.7H2O, 2 g of KH2PO4, 2 g of KCl and 80
g of NaCl in 1 liter of dd H2O. Adjust to pH 7.4 and autoclave at 121 ๐C for
20 minutes. Store at room temperature.

8x Phosphate buffer
Dissolve 2.14 g of Na2HPO4.7H2O, 1.11 g of NaH2PO4.H2O and 23.38
NaCl in 100 mL of dd H2O. Adjust to pH 7.4 with 10 M NaOH and filter
sterilize. Store at 4 ๐C.

SB medium (super broth)
Dissolve 10 g of MOPS (3(N-Morphlino) propanesufonic acid), 30 g
of tryptone, and 20 g of yeast extract in 1 liter of water. Adjust to pH. 7.4 and
sterilize by autoclaving 20 minutes at 121 ๐C. Store at room temperature.

SOC medium
Dissolve 20 g tryptone, 5 g of yeast extract 0.5 g NaCl and 2.5 mL 1
M KCl in 1 liter of water. Adjust pH to 7.0 with 10 M NaOH and sterilize by
autoclaving 20 minutes at 121 ๐C. Store at room temperature. Before use, add
10 mL sterile 1 M MgCl2 and 20 mL sterile 1 M glucose.
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2xTY medium
Dissolve 16 g of tryptone, 10 g of yeast extract and 5 g of NaCl in 1
liter of water. Adjust to pH 7.4 with 10 M NaOH, and sterilize by
autoclaving 20 minutes at 121 ๐C. Store at room temperature.
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